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ABSTRACT 


The question of how prehistoric cultural systems can be 
isolated in time, using lithic remains as a data base is examined. It 
is argued that existing morphological taxonomic approaches are inade- 
quate for such purposes, as the units of analysis have not been created 
in a systematic manner (see Dunnell 1971:23-26 on systematics). These 
units are not based on a stated theory or derived from a known logical 
system; consequently morphological taxonomic analytic systems will have 
little utility in explaining assemblage variability in light of such 


fundamental processual questions as migration, diffusion, in situ de- 


velopment, trade and different aspects of a seasonal round of activi- 
ties. 

An attempt is made to overcome the above definitional prob- 
lems by advancing an etic systemic cognitive model which postulates 
that there are underlying structures in the human mind which are or- 
ganized in a series of levels in a hierarchically-structured flow model. 

These underlying structures provide a media in which tool 
making information is processed and decisions are made concerning tool 
production. lt is postulated that lithic craftsmen made decisions on 
at least four levels which are also reflected on finished artifacts by 
distinctly different kinds of attributes. The four levels which re- 
quire decision-making on the part of the tool maker are: (1) decisions 
regarding kinds of material; (2) decisions regarding the input variables 
necessary to induce a desired kind of fracture; (3) decisions regarding 


microstructure or the spacing between constructional units, and (4) de- 
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cisions regarding macrostructure or outline form perimeters. 

it is the quality of structured levels of attributes which 
occur on stone implements, in all lithic assemblages, which makes it 
possible to develop a classification system which has universal appli- 
cation. A classification procedure is outlined in the study which is 
directed toward the end of classifying decision model types used in 
the creation of artifacts. 

The cognition process involved in the four levels of de- 
cision-making are not synonymous and this factor must be kept in mind 
while reconstructing decision model types. Level 1 is an additive 
process where materials are brought together. A number of methods are 
available which can be used in the identification of materials. The 
second cognitive level is a synthetic process in which the input vari- 
ables of force, impactor and holding position are articulated with ma- 
terial and shape to bring about a desired transformation. In attempting 
to understand this interface between cognition and materials it is im- 
portant to have an understanding of material properties and of the under- 
lying theories: thought to govern fracture morphology, here postulated 
to be the Griffith Crack Theory and wave mechanics. 

The question is raised as to whether or not the input con- 
ditions or decision sets responsible for the creation of a fracture 
surface can be reconstructed for classification purposes. A dynamic 
loading device, the ''stainless steel Indian'', was constructed for the 
purpose of conducting a series of controlled experiments in which output 
morphology could be interpreted in light in input conditions. An analy- 


sis of the experimental data suggests that an experimental particularis~ 
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tic approach in which specific input conditions are related to parti- 
cular output features is a plausible avenue of research for developing 
an inferential framework so that probablistic statements can eventually 
be made concerning decisions in the second level. 

The third and fourth levels of decision-making are subtrac- 
tive in nature and are considerably easier to reconstruct than the 
second level. 

Projectile points from four Clovis localities: Anzick, 
Simon, Murray Springs and Blackwater Draw are defined in terms of the 
third and fourth levels of decision-making. The decision model types 
are used to examplify how cross-level patterning which exists in deci- 
sion model types can be used to resolve processual questions in making 


inter-assemblage comparisons. 
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PREFACE 


There are a number of historical circumstances which prompted 
me to investigate the theoretical underpinnings on which prehistorians 
base their inferential analyses of stone tools. Alberta archaeology is 
relatively unknown and publications are rare. Wormington and Forbis' 
handbook, An_ Introduction to the Archaeology of Alberta (1965) is today 
still the most important summary of the area. It is significant as it 
set. a precedent as to what constitutes diagnostic data. Projectile 
points are emphasized with almost total exclusion of other categories 
of material remains. 

As a product of first-hand experience with artifact collec- 
tions in the three major biotic zones in the province: the plains, 
parklands and boreal forest, it is clear that a skewed picture is pre- 
sented in this initial pioneer effort. Although exceptions exist, most 
artifact assemblages are constituted of more than 90 per cent quartzite 
cobble and pebble tools with a very small percentage of associated pro- 
jectile points. In other words, cobble and pebble tools have been ex- 
cluded from consideration, although they are the most dominant kind of 
artifact, in favor of concentrating on diagnostic projectile points. 

There are good reasons why cobble and pebble implements 
are excluded from consideration. The practical analytic problems of 
constructing a meaningful classification for cobble and pebble tools 
were driven home to me when | attempted to classify several hundred 
cobble implements from the Caribou Island rie. Gb0s100, located near 


Bonnyville, Alberta (Bryan and Bonnichsen, 1966). In this study arti- 
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fact types were defined in terms of a traditional approach which is based 
on geometric descriptive attributes which relate to outline form. Dif- 
ficulty was immediately encountered as many of the amorphous cobble 
tools did not readily lend themselves to this kind of analysis. 
Subsequently, when | initiated the Cypress Hills archaeolo- 
gical project in southeastern Alberta, over one hundred archaeological 
sites were located. Ten of these were excavated and approximately three 
thousand artifacts were recovered. Only about forty of the tools are 
projectile points. As | was to use this data for thesis material, | 
was forced into the decision of trying to do something meaningful with 
cobble tool assemblages. Realizing as a result of the Caribou Island 
experience that traditional taxonomies did not hold the answers, arrange- 
ments were made to study with Don Crabtree during the academic year of 
1967 and 1968 for the purpose of gaining insight into the technological 
operation used in producing stone implements. The experience with Don 
Crabtree did not provide an immediate answer to my cobble tool classifi- 
cation problem as | had hoped. However, the technical expertise required 
to produce tools at will fostered the development of an independent analy- 
tic viewpoint, divorced from the existing literature regarding tool 
production system. As this viewpoint developed with ongoing practical 
experiments, theoretical and methodological difficulties which typify 
contemporary analytic models gradually began to emerge. Consequently 
| have set my cobble tools aside for the time being so as to devote my 
full attention to the task of developing a theoretical framework which 
can overcome some of the existing typological problems as wel] as have 


the power to cope with amorphous cobble tool assemblage. In the pre- 
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sent study | attempt to explicate how my viewpoint is at variance with 


other analytic models. 
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CHAPTER | 
INTRODUCTION 


The present work is primarily devoted to the investigation 
of a single Mee tions hat can prehistoric cultural systems be isolated 
in time and space, using lithic remains as a data base? The emphasis 
of the study is placed on defining a systematic framework which can be 
used to interpret tool making patterns anywhere in the world. The 
common denominator which underlies the production of all stone tools . 
is the decision-making process used by creative artists in performing 
their craft. 

An etic systemic cognitive model is advanced which postu- 
lates that there are underlying structures in the human mind which are 
organized in a series of levels in a hierarchically-structured flow 
model. These underlying structures provide a media in which tool 
making information is processed and decisions are made concerning tool 
production. 

It is hypothesized that lithic craftsmen make decisions on 
at least four independent levels which are reflected by four distinct 
kinds of morphological attributes which are subject to empirical in- 
vestigation. The four levels which require decision-making on the part 
of the tool maker are: (1) decisions regarding kinds of materials; 


(2) decisions regarding the input variables necessary to induce a de- 
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sired kind of fracture; (3) decisions regarding microstructure or the 
Spacing between constructional units, and (4) decisions regarding 
macrostructure or outline form perimeters. A fifth level could easily 
be added to this model which would consider decisions as reflected by 
morphology regarding use of implements. 

The four levels of organization should be conceived of in 
terms of Feibleman's theory of integrative levels and rules of explana- 
tion (see footnote 1, Chapter I11). Feibleman's theory postulates that 
each level represents an emergent quality; its cause exists at a higher 
level and its mechanism at a lower level. In simplified terms, what 
this means is that the organization of a level cannot be understood 
unto itself or treated as a closed system. Rather, if the analyst 
is to understand or explain a level he must examine the mechanism of 
processes responsible for the creation of that level. As an example, 
if one wishes to understand fracture dynamics, it is imperative to have 
an understanding of wave mechanics. On the other hand,. the cause of 
a particular fracture involved in stone tool making must be viewed in 
light of the decision used by the artisan in attempting to fulfill a 
preconceived goal or sub-goal. 

Decisions employed by lithic craftsmen are reflected in 
hierarchically-structured patterns of attributes which mirror the under- 
lying rules in a particular level or set of levels which led to their 
creation. It is this quality of structured levels of attributes which 
occur on stone implements in all lithic assemblages which makes it pos- 
sible to develop a classification system which has universal applica- 


tion. A classification procedure is outlined in the present study 
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which is directed toward the end of classifying the decision models 
used in the creat toh of stone implements. 

The basic assumption is made that an interacting social 
group of artisans will share in common many of the same tool making 
decision models as a consequence of participating in the same ongoing 
cultural experience. Thus, the position is taken that decision model 
types can be used to isolate and characterize archaeological cultures, 
employed to distinguish between cultures, to cope with questions con- 
cerning culture change and perhaps relate assemblages which reflect 
different aspects of a seasonal round of activity. 

Exception is taken to the static traditional morphological 
taxonomic approaches currently in use. To date most typologists have 
been concerned with creating artifact types with historical significance 
which can be used to separate and place aboriginal cultures in time space 
grids. Although typologists have long been concerned with questions con- 
cerning assemblage variability, static types are so constructed as to 
preclude the meaningful investigation of such systematic questions as 
migration, diffusion, in situ development and trade. Most morphologi- 
cal types have not been created in light of any guiding theory, and are 
arbitrary categories which focus on the description of the outline form 
of artifacts and have little explanatory power. They are not defined in 
terms of the system which led to their creation. Since there is no under- 
lying body of theory to unify types or attributes into a cultural frame- 
work, many types cross-cut similar culture systems in a given ecological 
area and have little utility for defining cultural systems in time and 


Space. 


as) i Bis 


a vue rn oa " 


zfabeom aotwiaae of meapniseen ak 

ato ett torte 

felanz del ete og Seria oben ai-ne j ial 

 prbien loos sipse Sta, a8 se abe ate 2n8 re 
prilopne amee oa7 Al nares ot ee ocoe sonsusdhaa 4 one 


m. 


ioren not 2 aa rent fisAed 21 nokd tedq: rls aaa” <i aheitie 


aw _ 

7 r 
TV 
ee I 
: ms i. 

ot pa 10 
ee ee 
1, 


ni) oh 


\ 


,eonuttes '€ jel osedls S76 e asi gedoR tes bag aseioat ie 


1 ne. ;, a 
-so% anoltzeun diiw Ssqoy of esiuti be nom agslamainit 
goeltan Aoltw eepetdmezes sity ‘eqenis a bas: iaentits: 97 


NPiVitss te bao? lendzese & ne aaee 


@45 7 
oe 
ecipoloratom fenaiifberd sete sig o4 aetes 2h iasaeat 
i) ea 


ave 2tzipoloayy s20u-936b oT 9 -sz0 ni ei tns4uo, ail2nonage: 


(saiaoreinedsiw esqys stists anette? toiw beeen 


ih 


a5zeqe/anty oivestues benipitods agelq, bus moeteagat ot beey sad i 


syneai tinge 


ru 
« 


Hap eno teoup iy bw bemiannes nsec ‘engl oved fa ica Ai onstAy fs 
oF 2g $stavvdedGo Oe S18: ab ids ini tq ni hdgh ov! 


at PAOipeeup: a femgaeve dove #0 ngiiegl Azeynt ve 


s 
7 eres 
2. .@' 


- ipa orgie sacM shea, une Ins mggl sob vais, ai muh ciate Ho 
S75. BAG b Ditada antibiup yos ig ett fr ve sees riod son in 


mast snilqwo atid Vo: adhiat Seed ort3) no epoa7 Aoi ee irqpyaaa: wre 
I 
ai Benitep jon sxe ysAT .swog) srozep atone sbgait, ove 


i 


“4ebnu.on/! 2) cisti sonie ie ak bly oF bet foil Wedel 


sects do Aaviv & ni ameseye get his sutiwil Sanne aes. NA 
: a be f 
ens) ‘sii wi_ensteye Terattas re rolesitise! sash r 


The study has been organized into eight chapters, including 
the jaded aueraoin In Chapter II, ''A Historical Review of the Role of 
Lithic Classification Systems in Model Building'', a comparative analy- 
sis is undertaken in an attempt to evaluate five of the major histori- 
cal morphological classification schemes commonly employed for extract- 
ing cultural information from stone artifacts. The theoretical and me- 
thodological frameworks which underlie the works of A. Krieger, |. 
Rouse, A. Spaulding, F. Bordes and E. Semenov are critically examined. 
Although a number of criticisms are made, they are directed at implicit 
and explicit ideas, and not the individual scholars. In view of the 
fact that a number of systematic and definition issues are raised in 
Chapter 1! which question the validity of the above-mentioned analytic 
models, Chapter II! is devoted to the task of presenting an alternative 
approach which strives to overcome some of these problems. 

Chapter II! is devoted to outlining and defining the sys- 
temic cognitive model which provides the interpretive analog for cre- 
ating decision model types. 

Each of the four postulated levels are represented by 
distinctly different kinds of attributes. The research objective un- 
dertaken in Ehaptere IV--VII is to explicate the kinds of processes 
which underlie attribute formation in the second level of the model 
and to discuss some of the implications it has in terms of existing 
lithic tool classifications. 

In attempting to define the nature of the process which 
underlies the second level of the model, a number of simulation ex- 


periments have been conducted. Since it is impossible for the human 
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tool maker to consistently strike twice in a row in the same spot with 
the same angle and amount of force, due to human variability, a mecha- 
nical rock cracking machi ne was built as a substitute for its human: 
counterpart. (This machine has since become known as the ''stainless 
steel Indian''.) 
An attempt has been made to test the effect of input deci- 

sions on Sot pure morphology. The machine was programmed to conduct 144 
individual experiments replicated five times, each holding all variables 
constant. The data generated from the experiments is examined in light 
of two fundamental questions: Do unique decisions or distinct com- 
binations of input variables result in equally distinct combinations 

of output variables as is implicitly assumed in taxonomic systems, or 

is there overlap? Secondly,do individual or combinations of output fea- 
tures indicate specific input conditions? 

Chapters IV--VI are devoted to explicating, implementing 

and interpreting the experimental results. In Chapter IV, the experi- 
mental research design and the controls placed on the individual experi- 
ments are outlined. Chapter V on ''Fracture Dynamics'' attempts to explain 
the mechanical processes which occur in the rock ''black box'', and how 
man can manipulate fracture principle for the purpose of creating tools. 
As an example of this form of reasoning, the output variables created 

in the controlled experiments are explained in light of the mechanisms 
which led to their formation. In Chapter VI the output from a series 
of integrated computer programs are analyzed, in an attempt to answer 
the questions of whether or not input variables combine in additive 


or non-additive ways, and whether or not unique decision models are 
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Papiecied by Apsara different combinations of attributes. Attri- 
butes which can be assigned to levels one, three and four of the pro- 
posed systemic model have not been subjected to the same kind of rig- 
orous investigation as level two, as it is felt that they are far more 
Gitpicult. to interpret, 

In Chapter VII a general discussion is advanced, outlining 
how decision model types are created. A special] analytical procedure 
termed cross level analysis is advanced which can be used to resolve 


migration, diffusion, in situ development and trade questions. As an 


— 


example of cross level analytic reasoning using decision model types, 
data from four Clovis sites--Anzick, Simon, Naco and Murray Springs, 
havebeen analyzed in attempting to resolve the Clovis migration, dif- 


fusion, in situ development controversy. Subsequently, the study is 


concluded by synthesizing the major points made in fulfilling the objec- 


tives undertaken during the course of the study. 
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CHAPTER II 


HISTORICAL REVIEW OF THE ROLE OF 


LITHIC CLASSIFICATION SYSTEMS IN MODEL BUILDING 


A. Introduction 


The primary subject matter of archaeology is artifacts, 
features and remains of utilized flora and fauna which reflect past hu- 
fon adaptations. The prehistorian ie an analyst who attempts to abstract 
cultural information from the surviving physical remains by constructing 
models of the organization of past cultural subsystems in order to explain 
their operations and changes through time. However, the models which are 
constructed must be congruous with the surviving physical evidence. 
Preservation determines to a large extent the kinds of materials that 
are available for analysis; but more importantly, the model building 
practices establish the validity of the ultimate results or reconstruc- 
tion. | 

Since the appearance of Flannery's (1967) book review, 
"Culture History v. Cultural Process: A Debate in American Archaeology'', 
there has been a proliferation of literature largely in American Anti- 
quity augmenting the rift between prehistorians. Exactly how a pro- 
cessualist is to be distinguished from a cultural historian in terms 
of how they build models has yet to be clearly distinguished. In fact, 


this polemical debate or dialectic, spearheaded by Binford (1972:1-13), 
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has created considerable confusion and an. unnecessary amount of soul- 
searching. 

The focus in this chapter is concentrated on an histori- 
cal review of the major model building procedures currently employed 
by prehistorians for abstracting cultural information from stone tools. 
lt will be shown that there are several model building procedures which 
are currently employed. These analytical practices cannot be forced 
into the simple categories of historical and process school archaeology. 
In fact by adopting a systemic point of view | will show that those in- 
dividuals who identify with the process school are subject to the same 
kinds of problems as their adversaries, the oie 

In the past the question that loomed foremost in the minds 
of prehistorians was how to place cultural remains in a time space 
grid. Concepts of typology and classification which were developed to 
fulfill this end actually obscured the relationships between model buil- 
ding units. The theories, hypotheses, classifications and underlying 
assumptions which determine the validity and significance of types are 
not explicated in most cases. Nevertheless, through a careful analy- 
sis of the goals and objectives of individual classifications their 
theoretical underpinnings can be exposed. The objective here is to ex- 
plicate the model building procedures in five lithic classification sys- 
tems, which have had the greatest effect upon the thought processes of 
contemporary prehistorians. The works of Krieger (1944 and 1956), Rouse 
(1939 and 1960), Spaulding (1953, 1960A and 1960B), Bordes (1947, 1950, 
1961A, 1967, 1969A and 1970) and Semenov (1964 and 1971) are cited. 


These works have been selected for their importance and are presented 
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in abbreviated form for the reader's convenience. 

A comparative framework is established for the purpose of 
evaluating the qualitative procedures in the five alternative schemes. 
The classification systems are evaluated in terms of: 

(1) How attributes are identified 
(2) Principles used to organize attributes into types, and 
(3) The concepts of culture employed. 
The chapter is concluded with a statement on some of the major problems 


hindering the development of more meaningful classification procedures. 


By Rev i ew of Classification Systems 


1. Krieger 

Alex Krieger, the founder of the typological approach, has 
expressed his views on classification in several publication (Krieger, 
1944 and 1960; and Newell and Krieger, 1949). Prior to Krieger's study 
(1944) the term ''type'' was employed in a variety of different ways by 
archaeologists. In responding to this situation Krieger's primary 
objective was to clarify and to explicate a method for formulating types. 

The typological method is seen as an analytical tool for the 
purpose of discussing cultural relationships of past human behaviors. 
Krieger states, '' . . . an archaeological type should represent a unit 
of cultural practice equivalent to the ‘culture trait' of ethnography = 
He goes on to say that the purpose of types is for 

"oe... identifying distinct patterns of behavior 

or technology which can be acquired by one human 

being from another, and thus serve as tools for 


the retracing of cultural developments and inter- 
actions.'' 


esmbdar: ovisentest® awh daa wild = | 
| otek amvedt nt saree axe 

| mle nat nel Tea9ebi doe es 

ao agoqyd ouni stud asap Tee 

= _ sbayot gms owas 


ema ldorg rolemeats To pmoe ng snamasese e i, 


>s{ubsaohd noile>i Plessis ‘fadignipgem wae OTH 


uta pe 36 the G 


ih au?) 


enn -déa6o ngs last palogya 907-16 -sbiawe?, ait abaivd ain 


asa 


, tape ii) nolsaesltduc fetavae ni no 268 AMI Rb zwia ty" oi a 
yvbute e‘eue tah og. yoby4 [eager pate 4 bie. aval: “bre a 
yd 2yvew hose Tb to, yasirey, é nt Sayoians cod Magy" mt 


YM 8 2 ‘qapaiad norreuthe ‘pide ot -dnlnonee. ft ia hg 
ats 


ORT enides unio? ae orto ey “aysoi gas ot baw. (irets oa 26H 


. 7) r 


ant 707 ides heata Ghats 6: PB: nase al boner lasivorogys ait 


-2yoivaned aeqms! $eeg ‘enarlikae tyatat beowad #9 paizedseib 10, 


wa 


jiny € Sabaeraan bivarte sgy \eatebtogesore Ye Pic OR IBI4 Wa 


" » @iiersontte To sins ait fa" ont as Anish svn 91359679 tew 


418F 2 esayi, to a20qu: ag? red Nee = wei 2 
iol vertod Yo envetseg isai sete gniytisisbi bok s Ke 
noeniud. Sno! yabea Tipac ed nes Asidy yopaana 

et evaa 26 avise enitar bith: <podrone Rial a 


a 


aw ‘ ; ? | % , 
'. by 7 = Ne ~ 
i % — = - a! 

ae ie A) Pt, \ | 


In discussing variability he states, 
uv it is the task of the analyst, working with 

the variable products of primitive manufacturing 

techniques, to recover, if possible, the mental 

patterns which lay behind these manifold works, 

the changes in pattern which occurred from time to 

time, and the sources of such changes.'! 


(Krieger 1944:272) 
Thus Krieger uses types which are specific groupings of structural 
features as an organizational tool to place specimens into behavioral 
patterns that have historical significance. The tenets of the method 


can be exemplified by a pottery example. Krieger states that a 

i type is to be defined by a specific and 
cohesive combination of feature of paste, temper, 
texture, hardness, finish, vessel shape, technique 
and arrangement of decoration, use of appendages, 
etc., and furthermore includes what is believed to 
be individual variation within the technical pat- 
tern; the type as a whole is also understood to oc- 
cupy a definable historical position, that is, its 
distribution is delimited in space, time, and asso- 
ciation with other cultural material.'"' 


(Krieger 1944:277-278) 
In defining the theoretical scope of the type concept Krieger states: 


"1. Each type should approximate as closely as 
possible the combination of mechanical and aes- 
thetic executions which formed a definite struc- 
tural pattern in the minds of a number of workers, 
who attained this pattern with varying degrees of 
success and interpretation.'' 


He then suggests, 


'S. There are no criteria of basic or universally 
primary importance in forming a typology. Each 
specific combination of features--i.e., the man- 
ner in which they combine~~-is of greater deter- 
minative value than any single feature." 


In outlining procedures for the typological approach six 
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steps are outlined. The first problem to be faced by the analyst is: 


m to sort specimens into major groups 


which look as though they had been made with 


the same or similar structural pattern in mind. 

This step is somewhat subjective, for there will 

be different opinions on what amount of varia- 

tion can be allowed for. The main point is to 

sort the material into groups which contrast 

strongly." 

(Krieger 1944:280-281) 

This initial sorting into trial working patterns is largely experimen- 
tal, and the difference of opinions as to what constitutes a pattern 
will be eliminated during succeeding steps. The second procedure in- 
volves breaking down the working patterns into smaller units according 
to consistent differences seen in some but not all specimens of the 
pattern. The third step is concerned with recombining working groups 
into the types on the basis of geographical (i.e., site to site) tem- 
poral and associational occurrences. It is in this way that character- 
istics are identified as belonging to a single plan. Details which con- 
sistently combine through site after site in the same temporal horizon 
and in the same culture complex can be regrouped into tentative types. 
Krieger states 

"These differ from all other so-called types 

in that the cohesiveness of their elements has 

been proved through the use of archaeological 

data rather than simply supposed through a va- 

riety of assumptions."! 

(Krieger 1944:281) 

The fourth step simply involves the testing of the proposed types as new 
information becomes available. After the types have satisfied the above 


criteria they may then be named and described, which is the fifth step. 


The sixth and last step focuses on reconstructing cultural relationships 
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through the use of typological information. By linking associated types 


it is possible to identify material as belonging to a single culture 


during a restricted time period. An aggregate of types belonging to the 


same culture are termed a complex. 


As an example, the projectile point description of the 


type Yarbrough Stemmed, is described in terms of its prominent features: 


"Greatest width: 


Stem: 


Base: 


Shoulders: 


Blade: 


Cross-section: 


Material: 


across shoulders. 


edges usually concave in uniform 
curve from shoulder to somewhat 
stem tip, but grades into straight 
edge without flare; edges are com- 
monly ground or rubbed smooth. 


usually concave with sharp stem 
tips, but grades into straight 
line. 


slight and formed only by outward 
curve of stem edges meeting blade 
corners. 


edges essentially straight but may 
be irregular with crude chipping; 
usually, if not always, levelled 
with two parallel pitches on oppo- 
site faces; level narrow and diffi- 
cult to see if chipping crude. 


stem elliptical; blade more or less 
rhomboid with convex faces. 


poor grade of flint or 'Chert', 

dull reddish or grey. 
Chipping: percussion, with pressure re- 

touching along beveled edges. 
Dimensions ranges: (334 specimens) 
a. Widths: Base 14 - 18 mm. 

Stem neck (narrowed 
above base) 12 - 15 mm. 


Shoulders 17. 22> mm. 
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b. Lengths: Stem (base to con~ 
striction below 


shoulders 14 - 19 mm. 
Blade (remainder of 
specimen) 21 - 39 mm. 
Total 38 - 55 mm. 
c. Thickness: 5 eo mms 


"Distribution . . . all in situ specimens 
from Fred Yarbrough site, Van Zandt county; sur- 
face specimens from Wood County. Insufficient 
data for placement in definite focus but appar- 
ently earlier than the Sanders focus.''! 


(Krieger 1944:281) . 


2. Rouse 

Irving Rouse (1939, 1960) introduced an analytical classifi- 
cation system based on the concept of mode which he contrasts against 
the taxonomic approach founded on the concept of type. Rouse defines 
what he means by classification when he cites the definition of Nielson, 
Knott and Earhart (1940:46): 

"oe... the word classification refers to 'the act 

of assigning (artifacts) to a proper class'. If 

the class is a new one, it will have to be defined 

by listing criteria used to form it and will also 

have to given a name or number.'! 

(Rouse 1960:313) 

Archaeologists usually select those criteria either to establish modes 
or form types. The term mode means 

"ey... any Standard, concept, or custom which 

governs the behavior of the artisans of a com- 

munity, which they hand down from generation to 

generation, and which may spread from community 

to community over considerable distances.'"' 


(Rouse 1939) 


Such modes will be reflected in the artifacts as attributes which con- 
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form to a community's standards, which express its concepts, or which 
reveal its customary ways of manufacturing and using artifacts. Analy- 
tic classification focuses on these attributes and, through them, at- 
tempts to get at the standards, concepts, and customs themselves (Rouse 
1960:313). 

Only modes of cultural significance are considered in analy- 
tic classification. They may be of two kinds, 

im... (1) Concepts of material, shape, and 

decoration to which the artisans conformed and 

(2) customary procedures followed in making and 

using the artifacts. In the case of conceptual 

modes, the archaeologist need only designate one 

or more attributes of his artifacts to be diag- 

nostic of each class, but in the case of proce- 

dural modes he must also infer behavior of the 

artisans from the diagnostic attributes." 

(Rouse 1960: 315) 

The artisan's procedures are followed in establishing an ana- 
lytic classification. The analyst may accomplish this end by establish- 
ing sequential modes which follow manufacture procedures. As an example, 
materials might first be considered; and then technique of manufacture; 
and finally classes of shape, decoration and use. At each stage in this 
sequential analytic procedure it may be found that craftsmen had a choice 
of standards or customs. Individual classes will have one or more diag- 
nostic attributes that are indicative of single modes. 

The following description of a flint dagger is defined in 


terms of modes: 


''(1) Blades are relatively thin. 
(2) Blades are usually rechipped. 
(3) Blades always have a hilt. 


(4) Rechipping occurs on the flat surface on top 
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of the hilt, instead of being confined to 
the edges of the blade. 


(5) Blades always have a rechipped point.'"! 


(Rouse 1939:43-44) 


3. Spaulding 

Spaulding (1953, 1960A and 1960B) pioneered a descriptive 
classification system based on the use of inferential statistics. His 
studies are quite significant as they laid the foundation for subse- 
quent statistical developments using computer technology. Inferential 
statistics are used with two main objectives: for the descriptive 
quantitative aspects which focus on measurements, counts and relation- 
ships between or within measurements; and (2) making the best possible 
decision in view of uncertainty about numerical matters. 

My objective here will be to review Spaulding's conceptual 
framework rather than his use of statistics. 

Key concepts in Spaulding's scheme are culture, attribute, 
artifact, type and assemblage. Culture is viewed as 

y . . patterned behavior at the level of sym~ 

bolic activity, and the patterning and symbolism 

are interpersonal, a product of human social 

life. Artifacts tend very strongly to occur in 

the spatial clusters we call sites primarily be- 

cause their makers and users lived in societies. 

The ideal unit of archaeological study is the 

assemblage of artifacts produced and used by a 

single society over a period of time short enough 

to preclude any marked changes through cultural 

innovations or shifts in relative popularity of 

attributes or attribute combinations." 

(Spaulding 1960:61-62) 


The term attribute is used 
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a thing or event. The attribute may be one of 

a continuous group, a measurement of length, 

for example, or it may be a discrete quality, 

as in the case of observing that an object is 
made of bone. The attribute may be a physical 

or chemical property of an object~--weight, shape, 
chemical composition and so on-<or it may be a 
position in space or time. Finally, the attri- 
bute may be the result of culturally patterned 
behavior or it may not; archaeologists are con- 
cerned only with culturally relevant attributes." 


(Spaulding 1960:61) 

Two classes of attributes are identified. Those which have 
physicochemical properties are referred to as formal attributes, and 
non-formal attributes have Space and time referents. The task of iden- 
tifying relevant cultural attributes is largely a matter of experience 
and expertise on the part of the individual investigator. Artifacts 


are defined as 

x the class of objects that the archaeolo- 
gists study, and the concept is used here to in- 
clude all objects and traces of objects that 
have been modified by cultural behavior. By 
treating the artifact as a given, | avoid the 
difficult and important problem of distinguish- 
ing between the simplest artifacts and the pro- 
ducts of nature.'' 


(Spaulding 1960A:61) 


An artifact type is defined as 
a . a group of artifacts exhibiting a consis- 
tent assemblage of attributes whose combined pro- 
perties give a characteristic pattern. This im- 
plies that, even within a context of quite simi- 
lar artifacts, classification into types is a 
process of discovery of combinations of attributes 
favored by the makers of the artifact, not an 
arbitrary procedure of the classifier. Classi- 
fication is further an operation which must be 
carried out exhaustively and independently for 

each cultural context if the most fruitful histori- 
cal interpretations are to be made.!'! 


(Spaulding 1953:305) 
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Formal attributes such as length, width and thickness are 
quantified by using a metric scale. These measurements are then sub- 
jected to such statistical manipulations as mean, standard deviation, 

Chi square, regression computations and rank ordering. Examples of these 


statistical manipulations are to be found in Spaulding's 1960A article. 


4. Bordes 

Francois Bordes refers to his classification system as the 
morphological approach. Descriptions of objectives and typological pro- 
cedures are scattered throughout several sources (1947, 1950, 1961A, 1967, 
1969, 1970). Morphological types are based on a combination of techno- 
logical attributes and formal attributes relating to external shape. 

These types are used as a tool in the study of adaptation. The objectives 
of this typology are to evaluate the implement needs of man as he con- 
ceived them, the traditions of groups, and their group's response to en- 
vironment. Bordes advocates that the frequency of tool types occurring 

in archaeological assemblages may be determined by statistical analyses 
and be represented in cumulative graphs. Tool frequencies are viewed 

as a response of human groups to the challenge of environmental condi- 
tions. Morphological types are essentially descriptive and do not in- 
vestigate tool utilization. 

Bordes advanced typology, as he was interested in the study 
of total assemblages rather than fossil index artifact types; e.g., pro- 
jectile points. He was able to do this because he is an experienced 
lithic craftsman. He relies on the experimental method not only as a 
means for discerning types, but also for understanding the relationship 


between types. By using the concept of technique, dissimilar forms, 
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e.g., flakes and cores, are linked on the basis of common production 
features. A case in point is the Levallois flaking tradition. By using 
the terms Levallois core and/or Levallois flake one immediately recog- 
nizes that there is a relationship between the two. Bordes has defined 
a number of distinct technological patterns through the use of the ex- 
Re ineatal approach (1947, 1948, 1950, 1954, 1963, 1969B, 1970). When 
he is uncertain which particular method was used he discusses the logi- 
cal alternatives on the basis of experimental data. 

In outlining his assumptions concerning Paleolithic man's 
tool making behavior Bordes suggests: (1) implements were made for use, 
not pleasure or sport; (2) implements were produced in proportion to 
need except in the case of workshops; (3) the more specialized tools 
reflect more specialized usages; (4) generally morphology becomes clearly 
established as use develops; (5) specification becomes evident in pro- 
portion to the increase in specialization of an implement (1969:1). 

An example of one of Bordes' types is Racloirs Lateraux 
Simples: 

"l]1s peuvent etre sur eclats ou lames. Leur 
bord est plus ou mois parallel a l'axe de l'éclat, 
la qualite de la retouche est trés variable, par- 


fois grossiére, parfois presque Solutréene.''! 


(Bordes 1961:25) 


5. Semenov 


S.A. Semenov is known in the West for his now-famous book, 


Single Sided Scrapers--they can be on flakes or blades. Their edge 
is more or less parallel to the axis of the flake, the quality of 
retouch is quite variable, sometimes coarse, sometimes almost Solu- 
trean. 
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Prehistoric Technology (1964). In this study an approach for identify- 
ing and interpreting the functional significance of prehistoric stone 
and bone implements is presented. In 1968 Semenov published a second 
major work on functional analysis which has yet to be translated into 
English. Because this volume is not available, his approach is abstrac- 
ted from his 1964 study. 

Semenov does not attempt to identify archaeological culture; 
his objectives are to determine function and thereby to study the his- 
tory of the oldest tools, stone and bone implements through the analy- 
sis of microscopic wear pat Eerns: The basic assumption made is that 
"Traces of wear make it possible to define what work was done with a 
given tool, that is, how the object being studied was used and on what 
material'' (Semenov 1964:2). Traces of wear are believed to reflect work 
activities and hence yield information on ancient man's economic pur- 
suits. Through the application of the binocular microscope, using tech- 
niques of metal dusting, and colorizing the surfaces of diagnostic areas, 
chipped, polished and ground and rasped areas are examined. Quantitative 
techniques have recently been introduced for the study of these micro- 
features (Semenov 1971:8). A binocular Linnik is employed for the 
micrometric method. The principle of a light section is used; the 
profile-height and depth of worn surfaces are compared with unworn sur- 
faces in microns. In addition, a reflex technique is used to determine 
the degree of gloss or polish on surfaces. Wear patterns are normally 
recorded through the use of drawings and photo micrographs (Semenov 1964). 

Semenov states: 


''The method of study of functions by traces 
of work is based on the kinematics of working 
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with the hand, the special features of which 
are expressed in the striations due to wear 
(geometry of traces). In addition the size of 
traces of wear indicate the character of the 
material being worked, its structural and mech- 
anical properties (topography of traces). These 
two types of evidence, geometric and topographi- 
cal, when analysed, are related to the form of 
the working part of the tool, its general shape, 
dimensions, weight, and the material of which it 
is made. All these matters taken into account 
together supply a solution to the question of the 
purpose of this or that tool.'' 


(Semenov 1964:5) 
The patterning of friction traces has enabled a typology to 
be established so that tool forms can be identified as to functions. 
"If work such as piercing is done by straight 
pressure of the tool Peet approach) the traces 
of wear arising from the movement will be straight 
lines parallel to the axis of the tool.'! 


(Semenov 1964:18) 


An alternative type of wear pattern occurring on saws is described as 


Traces of sawing in the form of straight scratches are always disposed 
on the side surfaces of the tool parallel to the working edge'' (Semenov 


1964:19). Other examples could be cited but these should be sufficient 
for examplifying how types of wear patterns are inferred from tool mor- 
phology and then related to work activities. Inferences such as the one 
cited in the above quote are not based on practical experiments but are 
apparently created on the basis of personal practical experience and in- 


tuition. 


C. Problems Relating to the Selection of Attributes and the Formation 
of Types 


1. Introduction 


When faced with the task of analysing prehistoric remains 
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the analyst must choose some kind of analytical unit. The units which 
are selected must be derived from or be analogous to some kind of known 
system if the units are to be logical ones (Dunnell 1971:23-26). The 
units selected have a dual purpose of providing a means of identifica- 
tion as well as classification. Thus it follows that a classification 
can be no better than the analogs on which it is based. Until the day 
arrives when a ‘reliable time machine is invented, prehistorians wil] 
continue to base their research on the premise that phenomena and pro- 
cesses occurring in the present, in particular observations upon func- 
tioning ethnographic societies, provides a key for inferring past events. 
The validity of any model or reconstruction will be determined by the kinds 
of analogs chosen as significant. 

In the five classification systems reviewed the minimal unit 
of analysis which provides the foundation for constructing types is the 
attribute. In the following discussion the question of how formal and 


technological attributes are selected is examined. 


2. Problems Relating to Attribute Class Formation 


a. Formal Attributes 

In view of the fact that none of the classification systems 
reviewed here make explicit how attributes are selected for the formation 
of types, it will be useful to look at some of the major methods and 
problems associated with this analytical operation. 

Analogs derived from ethnographic societies are commonly 
used for identification purposes as well as to provide classes into which 
data can be sorted. Therefore it is important that archaeologists be 


aware of the kinds of categories and the limitations of these categories 
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in attempting to use them to explain past phenomena. 

Most American ethnographies are descriptive ethno-historical 
studies made on a particular group of people. Not infrequently ethno- 
graphers used folk taxonomies, i.e., functional descriptive classes, 
for organizing their data. These categories are frequently inadequate 
for archaeological purposes. Since the prehistorian is concerned with 
cross cultural research, he needs a set of classes which set forth rigid 
criteria of what constitutes membership. Folk taxonomies, i.e., emic 
function classes, are not always well suited to this task as the criteria 
of what constitutes membership in a class are frequently relative to a 
particular society. 

Unfortunately there never has been a single study made on 
the total range of flaking processes practised by a social group, let 
alone the transmission processes between generations. Most studies are 
concerned with how one or a few implements were made, but never is the 
full range of techniques and implements recorded. Inferences derived 
from the geohidheGicapmenatans of ethnographic societies should be ap- 
plied to prehistoric data with care. Furthermore, as L.R. Binford (1968) 
suggests, there were undoubtedly societies in the past that lack ethno- 
graphic equivalents. 

Also, perceptual problems arise when a non technically- 
oriented person attempts to record technical operations. The kind of 
problems that can develop whenthe investigator is from a western indus- 
trialized nation is reflected by an experiment conducted by the author 
with an introductory anthropology class. Students were asked to record 
the manufacturing sequence which was demonstrated while producing a 


single projectile point. Only one student out of twenty-eight, a former 
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newspaper man, recorded the correct sequence of events. The experiment 
demonstrated that a single viewing in an ethnographic context typically 
will result in the omission of and even the inversion of the sequence, 
resulting in an inaccurate record. The observer must be specially trained 
to record accurately. 

In view of the dearth of appropriate ethnographic analogs 
many prehistorians use what is here called projective analogy. Attri- 
butes used for classification purposes are defined in terms of categories 
derived from the analyst's own cultural background. In fact, most attri- 
bute lists are inductively derived, and are not formulated in light of 
any guiding theory. The major difficulty in employing this kind of 
attribute list is that there is no demonstrated relationship between 
the proposed attributes and the theoretical objectives of the classifi- 
cation scheme in use. A few schemes which exemplify this kind of problem 
are to be found in the works of Krieger (1944), Spaulding (1953), Rouse 
(1939), Bordes (1961) and Semenov (1964), Binford (1963), Benfer (1969) 
and Wilmsen (1970), among others. 

Ethnographers have commonly used a formal descriptive ap- 
proach focusing on outline morphology to describe functional items. 
Descriptions of this nature provide the basis of the form-function 
hypothesis so commonly found in archaeological reports. All the classi- 
fication schemes reviewed in Chapter I! are designed to generate this 
kind of information. 

There are a variety of problems associated with the selec- 
tion and description of formal attributes which tend to undermine the 
validity of the form-function hypothesis. Foremost of these are (i) the 


descriptive system itself; (ii) cultural vs. non-cultural attributes; 
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(iii) the problem of isomorphism; (iv) the problem of multiple functions; 
(v) the lack of ethnographic analogs and perceptual problems. 
i. The Descriptive System: 

The physical deseatitpwiion of the external form of artifacts 
is based on Euclidean geometry. Terms such as triangular or rectangular 
Or concave and convex frequently do not fit the artifact forms under 
consideration; consequently, the analyst is forced to qualify in his 
description by saying the outline is triangular-like or the specimen is 
semi-ovoid. In the science of geometry a form is either ovoid or tri- 
angular or it is not; archaeologists have modified these etic spatial 
categories with qualifications, thus often forcing this descriptive 
system beyond its logically useful limits. 

Spaulding (1953) has suggested the use of quantitative methods 
in an attempt to solidify some of the qualitative descriptive aspects 
of typology. Metric scales do provide a standardized measure by which 
specimens can be compared, but before- such measures can acquire meaning 
the analyst must by some means decide what kind of information is being 
measured. Most artifact measurements are taken on the artifact's external 
formal perimeters such as length, width and thickness. These kinds of 
measurements will yield almost no information on production structures 
or the processes behind tool formation. In this case Levi-Strauss' 
warning should be heeded: '' .. . there is no necessary connection 
between measure and structure! (1953:528). 

ji. Cultural vs. Non-cultural Attributes 

One of the major implicit assumptions made concerning Krie- 


ger's (1944) feature, Rouse's (1939) mode or Spaulding's (1953) attri- 
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bute is that each one of these units are conceived of as an independent 
variable indicative of specific units of culturally conditioned behavior. 
Le Roy Johnson's apt criticism is worth repeating here. He states: 


"it is unrealistic to suppose that archaeolo- 
gic data is such that interdependent items can 
always be segregated from the independent (and 
dependent) ones, for cultural data may relate. 
to each other in complex ways. Tool form is 
partly determined by the qualities of the avail- 
able raw material and it is not free to vary 
infinitely, while the qualities of the raw ma- 
terial may be a function of climate and geogra- 
phic location. Apparently different artifact 
styles and types among different assemblages may 
often be genetically linked by a common origin 
in the remote past; apparently similar styles and 
types from different contexts may sometimes 
represent analogs rather than homologs. Also, 
seemingly independent traits in the same archae- 
ological association unit may in fact have a 
Strong mechanical or functional relationship to 
One another which is hard to see.'"' 


P9723 727373) 

Goodman (1944) indicates that different kinds of stone 
materials are characterized by dissimilar physical properties and behave 
differentially under stress. What this suggests is that synonymous human 
behaviors used to create stress systems in alternative kinds of stone 
materials may be reflected by dissimilar fracture or wear morphologies. 
In contrast, both Bordes (1971:212) and Semenov (1964) assume that a 
uniform interpretive framework can be applied to all implements, regard- 
less of the artifact's material properties. 

iii. The Problem of |somorphism 

Formal attribute systems which focus exclusively on external 
form will have little utility in distinguishing homologous from analo- 


gous tools. In other words, tools with similar forms but produced by 
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employing distinctively different technological systems cannot be se- 
parated by focusing one's observations only on the outline. A problem 
of this nature becomes particularly acute in attempting to establish the 
major lines of cultural development on a regional basis. It is logical 
to assume that independent and distinct cultures living in proximity 
may adapt to the same environment in much the same way. A survey of 
archaeological site reports will quickly reveal that such common tool 
forms 4s projectile points, knives, scrapers, etc., appear to have an 
almost continuous distribution through long periods of time and across 
expansive spatial areas. For example, side notched projectile points 
ce end scrapers occur from Alaska to Mexico and from the Atlantic to 
the Pacific. 

lsomorphic structures can be produced through the use of 
different technological systems. As Schapiro (1966:84) indicates, 
form is more subject to change than technical manufacture operations. 
Quite clearly in the the Americas the occurrence of isomorphic stone 
implements is a common widespread problem which has been subjected to 
little systematic investigation in light of technical processes. 

iv. The Problem of Multiple Functions: 

Each of the typological systems reviewed assumes that each 
tool type or form has but one function. Indeed, tool form is not neces- 
sarily a good indication of function or adaptation to environment as 
assumed in the form-function hypothesis. Ahler (1971) demonstrated 
through the use of microscopic and experimental evidence that projectile 
point types of the same form from Rodgers Shelter, Missouri were employed 
in different functional activities. Hence this case study challenges 


the assumption that all stone tools were designed for task specific 
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activities. The alternative proposition that must be examined is that 
tools having the same shape were employed in multiple functional acti- 
vities. 
b. Technological Attributes 

The typological constructs suggested by Krieger, Spaulding, 
Rouse, and Bordes, as reviewed in Chapter I1, emphasize that artifact 
types should be constructed in view of the techniques used in maar 
ture. None of these investigators clearly define what is meant by the 
ambiguous term ''technique''. Technological attributes are here viewed as 
morphological features which have resulted from the application of a 
specific set of inapint variables. Undoubtedly one of the reasons the 
ethnographic record is so poor in terms of defining technological opera- 
tions and resulting morphological features is that it is not well suited 
for this kind of task. The ethnographers' observational and descriptive 
approach has failed to provide underlying theory for explaining the forma- 
tion of technological attributes as the ethnographer cannot observe what 
is happening inside the rock, no matter how long or carefully he watches. 

In view of these problems, experimental analogy has played 
a vital role in defining technological variables since the inception of 
the discipline. The basic premise of easctameaial analogy is that la- 
boratory experiments may be designed and conducted to provide a means 
for assaying non-observed behavior. Robert and Marcia Ascher (1965) 
distinguish between two kinds of experimental analogs which are based on 
replicative and simulation experiments. In simulation experiments the 
assumption is made that not all variables can be controlled ina field 


situation. In response to this limitation experiments are moved into a 
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laboratory where variables can be controlled. Replicative experiments 
are founded on the idea that present-day production and use experiments, 
using the same materials as the aborigines, provide structural and 
functional insights into tool-using behaviors. 

In order to clarify some of the problems associated with ris- 
ing technological attribute classes, based on experimental analogs, 
it will be necessary to outline some of the historical factors which 
have contributed to the formation of technological attribute classes 
now commonly incorporated into type definitions. 

Replicative experimentation has a yeibuk wesoue with a rather 
interesting beginning. Edward Simpson is one of the earliest recorded 
experimentalists, if not the first in the 1850's and 1860's. In archae- 
ological circles he is known by his alias, ''Flint Jack'' or ''Cockney 
Bill'' as some called him. His keen interest in replicative experimen- 
tation for fun and profit was regarded as forgery by the early self- 
righteous Victorian antiquarians. Flint Jack was rewarded for his 
craftsmanship by a year in prison (Blacking 1953). 

Both Daniels (1962) and Bordaz (1970) indicate that prehis- 
toric tools were recognized as tools by a few isolated individuals 
at least a century prior to Darwin's now-famous The Origin of Species, 
first published in 1859. However, implements did not receive any wide- 
spread scientific attention until a number of other problems were first 
solved. Before the significance of the association of human skeletal 
materials, extinct fauna and stone implements could be recognized as sig- 
nificant the ideas of essentialism, catastrophism, creationism and La- 


markianism had to be replaced by a viable concept of species backed by 
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population thinking (cf. Mayr 1972:981-989). 

Dilettante excavators working independently in several coun- 
tries uncovered a great deal of evidence bearing on man's antiquity. 
Schmerling working in Belgium and Bouchet de Perth in France won some 
converts with their discoveries However, the ''big break'' did not come 
until the geologists squared themselves with the concept of evolution. 
Prestwich and Evans delivered papers - Boucher de Perthes Somme Valley 
discoveries to the rapidly-developing scientific community in England. 

An enthusiasm for the antiquity of man swept across Europe and the geolo- 
gist started to back the claims of the dilettante excavators. A number 
of old excavations were reopened after 1858 and a number of new projects 
were undertaken. The ''grand old man'' Lyell himself, almost in bandwagon 
style, visited many of the discoveries in Belgium, France and England 

in an attempt to validate their authenticity (Lyell 1873). 

In this early period prior to the development of professional 
prehistoric archaeologists, the criteria for identifying human toois 
were not particularly well defined. In Sir John Evans! 1872 discussion 
of the Somme Valley implements he states, ''ln regard to the origin, 
there is a uniform shape, a correctness of outline and a sharpness about 
the cutting edges and points which cannot be due to anything but design!’ 
(Lyell 1873:164). 

A critical approach for evaluating stone tools did not emerge 
until the Eolith polemic developed. In 1867 Abbe Bourgeois announced 
for the first time the discovery of "'Eoliths'' (crude, questionable tools, 
thought to predate the Paleolithic) at Thenay, France. Bourgeois' dis~ 
covery created a controversy at the Congress of Prehistoric Archaeology 


that year in Paris, a debate which set the stage for the beginnings of 
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the experimental approach in prehistoric archaeology. The president 


of the meeting resolved the controversial discussion by suggesting 


eae that laboratory experiments should be made in the manner sug- 


gested by M. Boule and M. carta’ nie . . . (who were) asked to assist 
in the work"' (Stirrup 1885:290). 

The concept of conchoidal fracture, probably first advanced 
by Hugh Falconer, a geologist (Evans 1897:274), gained widespread ac- 
ceptance as a criterion for distinguishing human workmanship. Versions 
of this idea are to be found in the works of Evans (1897:273-275), Lub- 
bock (1890:88-89), and Oakley (1957:15), to name but a few. More re- 


cently, Bordaz has stated in his book, Tools of the Old and New Stone 


Age: 

y . Prehistoric man tended to select 
homogeneous materials which have no definite 
cleavage planes. Such materials are homogeneous 
either because they lack a well-defined crystal 
structure (as in the case of the solidified 
lavas) or because the crystals are minute, as is 
the case with the majority of siliceous stones. 


"As force applied at one point on the sur- 
face of such homogeneous rock or mineral wil] 
radiate symmetrically in all directions with a 
cone whose tip is at the point of impact, this 
force will punch out a conical fragment having 
a concentrically rippled surface, leaving a 
corresponding conical scar in the parent materi- 


al. If the point of impact is near the edge, a 
chip will flake off, leaving a rippled half-cone 
scar .. . Below the point of applied force . 
is a conical swelling called the bulb of 
percussion. It is sometimes accompanied by 


secondary features such as a bulbar scar due to 
the flaking of a small chip from its surface.'"' 


(Bordaz 1970:12) 
Although the idea of conchoidal fracture received widespread 


acceptance, it had its critics. Hazeldine Warren, for example, indicated 


jab reat oT poloasdoys sai il 
patsesgoue sence tui sitios 2 sill 

Be cad Tenosm edd ont ‘sbem od. bhuode einai bios 
jelees oF bovtele (o0 oat) sa sett fgg a all f 
| ee a es | ol 
bosnewbs dat yldedong owusaent tebioranes : to sons at a 
~36 besiqzabiw bentep. Aagsi NOSF abaiuihh seigotade © «7 a4 
angi 219V qidensm row dad pminetupoizetb so? otros iva 8 
“dud . (ey Se €TSs Reet) saewa to 2mow ond sal prusot ant os ow t 
et 910M .wod 6 tad) omen o3  (AhVeOr) vodtad | DNS {et 


snose welt bas bn ° bIO 91 its Fo. 2to: 2ioot ood eid ai dain aed 3 


4 


ih 


tasfee oy bebned nem nideonieid | 

atiniteb on over adidw 2leivstem zu08 
evesnspomen o78 eleliotem dove — “eonets” 

 Teteyi banitsb-flew 5 tos! yet sausoed vorttis 

heitibitoe ota to see. ane ae gyusouyse 

at 26. ~adunin axe eleteyra adi sessed Yo (revel — 

italctad auossttie de yt oteo ony Ba iw 9280) ats | 


=a? oft no sntog ead ie betty s eoy0T 2A!’ 

_ bit fersaim to Av07 evosaspomon dgue te 9067 

Bf atiw: enobiasvib His mi yt leolsemmye atelber | 
2ida .taeqmi to Iniog Sit te et qid s2orw. ano 

| enived inempe? fscines 6 dud conuq | fiw goto? 
es. pnivesl ,ooe7iWe befqgiy vi fsoiis0esn0o eB 

~ ied et metsa of? oi yee Paoinoo pnibnegestio> 
6 .Spbs. ont yan 2) d96qgmi Yo tniog ana t1 . fe 
‘pioo- tad: balqgqin 6 privest To cohen gh iliw qida ” 
. goto? balfags to dee wale - » Wee 
to diud elt belies peer i a. 

yd being as eomitemoe 21 3! .noizevo1sg 

od sub 1692 yedbud 6 26 rave ¢oruTeet yrebnosee — 
M gastave e321 mort ae ffenie B49 an taal? orl3 


He ake aE 


(stiover pnts) | . ee 


besigqesh iw bowiaden srusaer? fsbiodanea v0 695) ort dquods 1A uf | 


betsaibni aa 109 iad anibieset aealatys 29i ea am. 2: 


31 


that there is no single character which cannot be duplicated by natural 
flaking (1923:168). 

For over 100 years the concept of conchoidal fracture has 
provided a descriptive framework in which to interpret morphological 
fracture feat ates However, it is never made explicit as to how this 


concept can be linked to specific kinds of human behavior. 


Alonzo Pond, in Primitive Methods of Working Stone, Based 
on Experiments of Halvor and Skavlem (Pond 1930), was the first investi- 


gator to break his ties with the conchoidal fracture idea. Pond's 
argument is based on the theory of elasticity. Mr. Skavlem was the first 
- to recognize that chipped implements made of homogeneous materials such 
as flint of obsidian have no line of greatest weakness, and present a 
problem analogous to that of elastic solids. Skavlem suggested that in 
the flaking process chipped implements break along the planes of greatest 
stress; and whenever that stress exceeds the strength of the material 
a break will occur. Failure is thought to occur on a plane normal to 
the greatest tensile stress, on a plane normal to the greatest exten- 
sion or on the plane of greatest shear stress (Pond 1930°27-64). 

Like the early advocates of the conchoidal fracture model, 
Pond believes ete perfect cone of percussion is the critical link 
for understanding other aspects of fracture. He attempts to explain the 
radial forces that produce the cone by citing a formula advanced by 
Timoshenko and Lessels (1925:62). Unfortunately, the equation which 


Pond presents, 
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is an inaccurate citation (Pond 1930:47). The formula should read, 


Pr 


in which T = width of the beam, r = the distance from the point 0, 
@ = the angle shown in Figure 70 (Timoshenko and Lessels 1925:62). Ac- 
tually this formula is not particularly applicable for Pond's purposes 
as ductile and brittle solids behave differentially under stress; also, 
once fracture is initiated the stresses are radically redistributed. 
Pond explains that the concentric rings found on cones 
appear to mark lines of equal stress which are indicative of simultane- 
ous occurrence of fracture at all points. The wave or trough-like forms 
found on cones are thought to be due to vibrations in the material (Pond 
1930:51). | 


"Flakes and blades seem to be produced by 
a combination of laterial extension due to compres- 
sion and shearing stresses produced by downward 
pressure. Their length is determined by bending 
produced by outward pressure. Long blades are 
produced when the bending stress is almost neg- 
ligible and short flakes are the result of bend- 
ing being dominant.'' 


(Pond 1930:51) 
Pond further expands this idea when he states: 


"It will be understood that the bone point 
or chipping tool remains in contact with the flake 
during the whole time the flake is separating 
from the material and the pressure is being ap- 
plied through the point all the time. In ordinary 
chipping there is a tendency to move the chipping 
tool away from the material as the flake separates. 
This, of course, produces considerable bending. 
If this bending exceeds the strength of the ma- 
terial at any time before the failure caused by 
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shear and extension has attained the maximum 

length, the flake will either break or run out to 

the edge of the material and hence be shorter 

than the maximum length." 

(Pond 1930:53-54) 

Pond (1930:51) cites James E. Boyd's text, Sprength, of Mar 
terials (1911) for his concepts of bending and shearing. In the sec- 
tion cited Boyd is referring to ductile materials which behave differ- 
entially under cipeteate compared to the brittle solids that aboriginal 
peoples commonly used for tool making. When brittle materials fail under 
dynamic loads (e.g., both pressure and percussion flaking), very little 
if any bending or compressional deformation occurs. Pond's attempt to 
interpret fracture morphological features in light of concepts developed 
from the theories of elasticity and plasticity must be rejected, as he 
failed to distinguish between ductile and brittle materials. 

Pond's work, however, has served as a stimulus for subse- 
quent research. William Morgan (1967) stresperetias Master's Thesis en- 
titled, ''Physical Principles in Stone Working: Some Aspects of secua- 
dorian Chipped Stone Technology''. Morgan attempted to pull together a 
number of engineering concepts, many of which relate to theories of 
elasticity and plasticity that are relevant for interpreting fracture 
features. Morgan's Study was probably the first step in a larger pro~ 
gram envisioned by William Mayer-Oakes, who was then Cia mee of the 
Department of Anthropology at the University of Manitoba. Mayer-Qakes 
(1967:2) had plans for isolating the principles that govern conchoidal 
fracture as well as manufacturing a robot chipping device which could 


be used in a comparative framework with a live chipper. However, these 


plans did not materialize beyond the analysis of the El Inga data. 
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Don Crabtree, founder of the Idaho School of Lithic Tech- 
nology at Idaho State University, bases many of his interpretations on 
Pond's views. Not only does he follow Pond's idea that the cone is the 
key aden vce concept in lithic technology but he also relies on the 
theory of elasticity. In his article, ''The Cone Fracture Principle and 
the Manufacture of Lithic Materials'', Crabtree states: 


"An understanding of the correlation of the 
cone principle to the behavior and fracture of 
lithic material and the detachment forces in- 
volved will help clarify the mechanical princi~ 
ples included in lithic technology. When force 
is applied to lithic material, the stone compress 
es and the force radiates tangentially to the 
direction of its application until the elastic 
limit of the material is exceeded and fracture 
occurs. The applied force must be pre-determined 
magnitude to form a cone in the lithic material 
to define direction to control the fracture 
angle of the cone and detach the desired flake 
or blade.!'! 


(Crabtree 1972B:29) 
As an example of the cone principle Crabtree states 


"When (a BB) pellet strikes the pane at 
right angles to the flat surface, the force 
radiates outward in widening circles at an angle 
tangential to the direction of impact and finally 
the force exceeds the elastic limit of the glass 
and a cone is removed from the opposite side of 
the point of applied force. If the energy of the 
pellet is insufficient and the force dissipated, 
the cone will penetrate only part way~ or not 
at all--and only a cone part will form. If the 
velocity of the pellet is too great, then the cone 
will shatter. 


Flakes are cone parts and the fracture angle 
of the cone is the ventral side of the flake. 
The apex of the cone (proximal end of the flake) 
where the force is applied is called the plat~- 
form part. Examination of the platform angle and 
the fracture angle of the cone will determine the 
direction of applied force.'"' 


(Crabtree 1972A:6-7) 
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The undemonstrated assumption which Crabtree makes is that 
the morphological cone results when stone is compressed and the force 
radiates tangentially to the direction of its application, and failure 
occurs when the elastic limits of the material are reached. This redis- 
tribution of force concept is referred to as the cone of force. No 
supporting evidence is provided to demonstrate force is actually redis- 
tributed in this manner. Contrary to Crabtree's point of view, it will 
be argued in Chapter ' that fracture features are produced through 
tensile failure of material. 

Crabtree (1972A and 19728) further notes that cone splitting 
is an exception to the rule of using the fracture angle of the cone. 
The: cone is split by supporting the working piece. thereby setting up 
opposing forces and causing the cone to shear. In this case, the frac- 
ture is quite flat and the positive and negative surfaces have little 
or no bulb of force. Subsequently, in his glossary the term elasti- 
city is defined as ''the property of stone to return to its former state 
after being depressed by the application of force. Ideal lithic materi- 
als are almost perfectly elastic'' (Crabtree 1972A:60). The concept of 
elasticity iSoused tonexphain avuiracturesifeaturerknownias send! shocks’ od t 
is defined as ie ree ss fracture due to the stone exceeding its elastic 
limits. Failure of the material to rebound and recoil before fracture 
occurs!'!' (Crabtree 1972A:60). 

In terms of the research developments that have occurred in 
lithic technology in the last ten years, it is interesting to note one 
of the points made by Pond: 

"During his work Mr. Skavlem has many times 
expressed the wish that a study of flint fracture 


could be made before an ultra-speed motion pic- 
ture camera capable of registering the progress 


- hy \ 


eral} one aries ant ih te sl 
et bey aa." slip re ane ‘tots Sahn sh } ” 
on, Serio, a S02: it er OF) ahi ie aia 1% 


2. 
a 


Hsia WiteudoB 2 hk by? 54 eh hedomat esd | 
Viiwett Asi vid UE OR rer te “oF v 195 400 eee ef, 
) ~ty 


fe ag ot 


foamed? be sibor q Bie 25 jas) ris sant ‘se v ergot wi 
Wt _teivetem. 10.9% 


er _ 


pees doe iii rey bn Aereny oonadend) 


5 hphe Suey? oa Aoven vo sl ails be nd 


j ® 


enbsgiiqe SAoF) 
sao ait Fo. 


cis veel eas 1G ani aca ett ‘png: ue 35 lige 


ae Peis 2ee 
i 


ter} of! .seepleina te esl ok anoe alls ya | bom: rae tOT 

a1 vet 5 (Bf. Cals + Mis? SY t JapSH ih Ae cadinelaine bits iets - Fa 
| em 
ite6 lS (ried ele Noe? eo 2h ni, .NFoaoeaetie | net Yor wor, 


1760. BOP 


é71) OJ. PitIe7 “Gt ener, hes ynvaaarg, baa! 7 bonits hy ue 


is ortho 


ae 
iodo otUs4t Freel J95107 te notiegtl was, edi el vaviarand « Re. a 


te tyss00a ant’ oa. sity dena nase yiirsettise) tear 


1 t50n? bhie ar hwnd sawtest? ened ogyt spislan os. vt 


¥ 


si teshe 214 unitbiscaies Bnd < ole et oa” ory sNe74 nyt? reveourT tye ae) 


SwhoeT|) swage Ligpen bis pares oF Kees, atts. jo a 


| 7 : 7 : r ad 7 - 

Fi el etm er 2 asi Sa 
' ; : \ ys a “oF i 

. i as por wsIO oviait pet ‘laiaateieln ve Aghad: 1 

Ry rh a ; i. ee a 

‘an ston Gi enti ester tT ai = ewe vas 120 ails at, ypote 


° t 
a 7 : Sie a et kk aiae: 
ai, aya AR aN z miede 
i 
rae ph ‘a jade te 


ool 


a 00 ne ens 


(itt a a pate 
3 a6. bi pal 


36 


of a fracture which produces a flake. Such 
experiments would be conclusive.'' 


(Pond 1930:69) 

Advances made in hish-speed photography now make it possible 
to follow Pond's early suggestion. Crabtree, in his ‘‘MesoAmerican Poly- 
hedral Cores and Prismatic Blades'' (1968) paper, published his first 
results of recording blade detachment with a high-speed camera. He 
states that 


"eo... the many tests made with the high- 
speed camera show that the blade is removed in 
the short interval of three to five frames-- 
with the camera operating at 5,000 frames per se- 
cond or about 1/1,250th of a second. The initial 
break has been calculated at 1/19,000 of a second. 
It is puzzling but enlightening to discover that 
the blade is removed at such a high rate of speed. 
This paradox would seem to indicate that the 
blade removal is controlled by preprogramming 
the involuntary muscular behavior of the worker 
and not by consciously directing the reaction of 
the muscles during the blade manufacture. There 
is little doubt the worker can control the bending 
of flakes or blades, for we have the surface 
evidence proof on bifacially flaked artifacts. 
that have been ripple flaked over a curved sur- 
face from one lateral edge to the other.' 


(Crabtree 1968:472) 
Pond's prediction that high-speed photography would provide 
conclusive Peeuleowee indeed correct. Crabtree's own experimental 
results demonstrate the Fpl ey of his elasticity theory. Crabtree, 


like Pond, believes lithic materials to be quite elastic, a property 


which permits the use of subtle motor control. Thus elasticity of ma- 
terial is cited to explain flake curvature. If the elastic theory 
were correct, one would expect the blades illustrated in the photographs 


to be bent as predicted, but they did not behave in this way and are 
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straight. Furthermore, fracture occurred much more rapidly than was 
anticipated. Crabtree was unable to reconcile this problem with his 
concept of elasticity so he cited curved collateral parallel flakes that 
occur on bifaces to support his interpretive framework. There is no 
reason to believe the speed of fracture should be reduced in biface pro- 
duction. 

Like previous workers, Crabtree relies heavily on the cone 
principle as an imeereqeune tool for explaining fracture morphology. 
If flakes of blades were really only segments or sections of cones 
the platform areas of blades and flakes should converge to a triangular 
apex as is the shape of a cone. 

Crabtree admits in his definition of the cone principle 
that cone splitting is an exception. He suggests opposing forces set up 
from the support cause the cone to shear and the fracture to be quite 
erate Subsequently, in his discussion of bipolar flaking he states: 

"Force is induced from both the anvil and 

percussor, causing cones of force to form at 

both ends of the pebble or cobble, not neces- 

sarily leaving cone scars. When the force is in 

direct opposition, the cones exceed the elastic 

limit of the material and it shatters. The de- 

bris will resemble segments of an orange.''’ 

| (Crabtree 1972A:10) 

It would seem that there is a contradiction here, but indeed both flat 
fractures and segments that look like oranges are produced as a result 
of the bipolar technique. 

If the cone principle were more than a morphological feature, 


it could perhaps be considered as a useful interpretive tool. However, 


under scrutiny it breaks down. For example, why isn't a biconid fracture 
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produced when bipolar flaking occurs? Could it be that there are mech- 
anical principles that underlie the production of such specific mor- 
phological features as cones and bipolar fracture which have not been 


considered? This question will again be taken up in Chapter V. 


3. Concluding Remarks 


Thus, neither the conchoidal fracture theory nor Pond's 
elasticity theory nor Crabtree's cone principle provide a sufficient 
theory for defining technological attribute classes. Consequently, 
technological attribute classes now in use are mostly intuitive cate- 
gories. Today there are an increasing number of individuals who can 
replicate tool forms. Replicative experiments used as experimental 
analogs should be viewed with caution. There may be several alterna- 
tive ways open to the tool maker for replicating an aboriginal speci- 
men; however, there is no way of knowing in view of the lack of quan- 
titative methods (cf. Jelinek 1971), if the replicated form is homolo- 
gous or analogous to the aboriginal control specimen. 

In the past concern has been expressed in regard to methods 
for constructing valid types. The two separate methods are known as 
internal and external validity. Krieger, using external validity, at- 
tempts to demonstrate the existence of valid types by identifying charac- 
teristics on a site to site basis to show consistency, range, variation 
and historical relevance. The use of internal validity is used by 
Spaulding when he employs inferential statistics. The advantage of the 
internal validity approach is that the range of variability can be 
quantified within any assemblage of artifacts, providing a more ab- 


solute comparative framework. 
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In the foregoing section an attempt has been made to demon- 
strate that the qualitative methods used in attribute selection are 
based on unsystematic procedures. Regardless of whether an analyst 
uses internal or external validity, if his attribute analog sources 
are not correct his attribute classes, and therefore the type, will 
also be invalid. 

In addition to these problems which undermine the utility of 
the form function hypothesis, combinations of formal and functional 
attributes are intuitively scaled in terms of significance. For 
example, fossil index types created by Krieger, Spaulding and Bordes 
have been used to characterize and to date cultural developments. 
Since the advent of sophisticated and better dating methods, e.g., 
radiocarbon dating, however, chronological systems can now be estab- 


lished independent of artifact types. 


D. Principles for Organizing Attributes into Types 


The five classification systems which have been reviewed 
in Section II are basically of two varieties, termed ''taxonomic'' and 
analytic!’ by Rouse (1960). The taxonomic systems depend on the prin- 
ciple of affinity. Artifacts are placed into groups on the basis of 
the overall similarity of the total constellation of easily recognizable 
attributes. There are several alternative methods by which this end may 
be achieved. Krieger works intuitively, shuffling implements back and 
forth between groups until relatively homogenous classes and types are 
achieved. On the other hand, Spaulding finds types by noting the most 


frequent combinations of attributes statistically. 
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The objective of taxonomic classification has not been 
directed toward the end of understanding cultural process. It is im- 
portant to note that types RD eated by this method treat all available 
attributes as equal, ignoring the fact that quite different processes 
may have been responsible for their formation. The taxonomic system 
is a static approach. Deetz (1967:48) suggests that aboriginal tool 
producing systems are based on two separate kinds of production opera- 
tions. He terms these additive and subtractive processes. A lack of 
concern for process in subtractive systems, using the principle of af- 
finity for establishing groups results in the classification of dif- 
ferent stages of manufacture as multiple types, thereby obscuring inter- 
assemblage relationships. 

Brew (1946:46) adds the cautionary note that types based on 
arbitrary categories are imposed on the collection by the investigator. 
lf a second investigator examining the same collection did not use the 
same attributes as the former, a risk exists that a totally new set of 
types will be created. 

Rouse's analytic classification system is based on the prin- 
ciples of linearity and affinity. He attempts to establish a system that 
does away with the arbitrary nature of classification so that each 
investigator constructing classifications will achieve similar results. 
Each mode, the basic analytic unit, is conceived of as an attribute 
which relates to a distinctive cultural practice. Rouse fails to tell 
us how we are going to be able to choose those attributes which are dis- 
tinctive of a particular cultural practice from the total number of 


available attributes. Nevertheless, his suggestion that modes can be 
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linked on the basis of their temporal occurrence and thereby reflect 

the behavioral stream of the aboriginal artisan is a useful concept. 
Using this principle of linearity, the artifacts that exhibit the same 
sequence of manufacturing steps or modes are then grouped together on 
the basis of their shared lineal and affinal modes. Theoretically, 
Rouse's approach provides a solution to the problems inherent in the 
arbitrary selection of modes for the formation of classes. Unfortunate- 
ly, in practice he was unable to fulfill his own goal. In the example 
of the flint dagger type previously cited above, Rouse failed to 

relate the selected attributes to distinctive conceptual or procedural 
modes. Rather, he simply compiled a trait list which he intuitively 
orderedisequentially. In fact, his types do not differ in nature from those 
of Krieger. These lists are characterized by obvious exclusions of many 
technical attributes. In summary, Rouse's approach, as practised, is 

a descriptive morphological approach quite similar in nature to the 
taxonomic approaches previously discussed. 

Both Bordes' and Semenov's typological systems are probably 
intended as analytical classifications. However, both fall short of 
this mark for the same reason. Bordes uses a very old classification 
system based on type of impactor for the purpose of defining technique. 
This classificatory approach can be traced as far back as W.H. Holmes' 
study in ''The Handbook of Aboriginal American Antiquities!’ (1919). 

Other workers-~Pond (1930), Ellis (1965) and Crabtree (1972A)--also 
define technique in the same way. The major problem of this approach 
is that by emphasizing one class of variables, impactor type, the sig- 


nificance and systemic relationships between other classes of input vari- 
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ables are ignored, factors which may be of equal if not more signifi- 
cance than impactor type. Thus Brodes' concept of technique is no 
more than an historical index type itself, which will shed little 
light on underlying processes. 

Semenov also selects his attributes to demonstrate his 
theoretical objectives. He relates micromorphological features to 
particular behaviors of work activities through the post-priori approach. 
Semenov's wear patterns are treated as ''end products'!' and little atten- 
tion is paid to their developmental histories. 

In summary, the idea of using both principles of organiza- 
tion, affinity and linearity, as suggested by Rouse, represents a marked 
improvement over strict taxonomic approaches based only on the principle 
of affinity. The principle of linearity provides a means for linking 
seemingly unrelated diverse forms into their respective patterns in 
extractive systems. The concept of linearity, following the steps of 
the tool maker, provides a means for linking the diverse forms which are 
created in extractive systems. Although Rouse advocates the use of 
this principle, he was unable to create a meaningful classification, 


apparently for lack of sufficient interpretive analogs. 


E. Concepts of Culture 


Typologists seldom make explicit their theoretical founda- 
tions. Nevertheless, by examining their assumptions, the methods and 
objectives of individual classification systems can be related to their 
respective intellectual traditions. The existing conflicting traditions 


owe their source to the unsettled state of anthropology. The concept of 
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culture is the agitator in archaeological AaLeees' With the exception, 
of Semenov, who was grounded in the general Marxian view of the history 
of technological development, the schemes of Krieger, Rouse, Spaulding 
and Bordés are meant to define ethnographic cultures in prehistory. 

Most researchers agree that culture should be the primary taxonomic unit 
in prehistory but there is no consensus concerning the issue of culture 


dynamics. 


is Krieger 

Krieger's (1944) objectives are to explain cultural relation- 
ships and to reconstruct the mental patterns of extant groups. At 
first these were Rouse's (1939 and 1960) objectives; however, he sub- 
sequently revised his position realizing chat it is impossible to recon- 
struct mental patterns (Rouse 1972). 

These early typologists were greatly influenced by the ideas 
of Kroeber, particularly his concept of the superorgan ic (see Kroeber 
1952:22-51). Culture, through its normative transmission processes 
within individual societies, is thought to be the causative agent res- 
ponsible for ramatns that reflect clustered attribute distributions 
identifiable on material remains. 

Binford (1965) attacked this position which he designated 
"the normative school of culture''. His basic objections are that un- 
verifiable historical and psychological factors are involved in assumptions 
about the nature of ideational transmission between generations and 
social units. A central idea employed the normative school is the 
idea of ''culture centre''. Cultural relationships are viewed as flow- 


ing from such centers and mirroring ideational norms. The neo- 
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evolutionists (Aberle 1960, Binford 1964 and White 1954) suggest that 
the science of culture is concerned with the observation and ordering 
of empirical facts which are to be expanded in cultural rather than 


metaphysical terms (Kaplan 1965). 


2. Spaulding 


Spaulding (1953) was aware of some of the problems that char- 
acterize the Kroeberian tradition. He shares in common with Leslie White 
the view that culture occurs in societal contexts and is characterized 
by symbolizing activities which result in patterned behavior. He sug- 
gests that culture can profitably be analyzed using scientific methods 
and is explainable in terms of its own properties, using quantitative 
methods. Dunnell (1971) correctly points out that the formation of types 
is a qualitative, not a quantitative process. Artifact types will not 
be discovered by the use of statistical procedures, for types are based 
on classes of attributes which are chosen qualitatively. Without question 
qualitative classes should be quantified through the ide of some sort 
of measuring scale whenever possible. 

Spaulding's scheme, like all subsequent classification ap- 
proaches including numerical taxonomy (Clarke 1968), fails to set forth 
an explicit set of rules for choosing classes of attributes. All attri- 
butes are not comparable, for some are produced as a consequence of 
different mechanical and behavioral events. Consequently, when dif- 
ferent kinds of attributes are placed in the same population for statis- 
tical manipulations the results will be skewed. 

Both Krieger and Spaulding assume all variables are produced 


as a consequence of cultural activities. Rather than attempt to solve 
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specific problems emphasis is placed on the. selection of a multitude 

of different fies of SUH uaes in the hopes of finding useful ones 

so that the artifacts can be placed in a time-space grid. Spaulding 
pays lip service to production and use systems; however, it is impos- 
sible to define systems without defining the rules of class forma- 
tadne Thus the taxonomic schemes suggested by Krieger and Spaulding in 


no way reflect their views of culture. 


3. Rouse 
Rouse (1972) advocates that behavior is largely controlled 
by culture. Artifacts are thought to reflect decorative, technological 
and functional variables which are produced by different behavioral 
subsystems. These behavioral subsystems are governed by alternative 
or overlapping sets of norms. From this point of view it follows that 


artifacts exhibit three separate kinds of modes and should be classi- 


fied three separate times if the objective is to find behavioral systems. 


Woneuar. Rouse fails to tell us how to operationalize his systemic ap- 
Saas in order to tackle practical problems. 

Historically Rouse's 1939 and 1960 studies are significant, 
for this is where he develops the concept of mode. The distinction 
between conceptual pe Uerae cats modes is not particularly clear. If 
| correctly understand Rouse's intent, he is suggesting that artifact 
classifications should be based on two kinds of inferred relationships. 
Procedural modes are inferred relationships derived from one kind of 
phenomenological reality, i.e., morphology, to a past phenomenological 
event--human behavior. Rouse treats conceptual modes as it they are 


independent from procedural modes. Examples of conceptual modes are 
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material, shape and decoration. 

The construction of conceptual modes would entail making 
inferences two levels removed from the observable physical remains. 
In other words, conceptual modes are inferences made from procedural 
modes. The fundamental problem of the modal approach is that Rouse has 
faltedato examine the question of how morphological features relate to 
behavior. He assumes that there is a 1:1 correlation between a unit of 
behavior or an idea and a phenomenological entity. Furthermore he 
does not establish a set of rules for distinguishing between technolo- 
gical, functional and decorative attribute classes. Certainly decorative 
as well as functional attributes may have a technological basis. In 
short, although Rouse subscribes to a systemic viewpoint, his classi- 
fication procedures are not systematic. He does not make explicit 
how one is to choose analogs in creating procedural and conceptual modes 
or how his intuitively-selected attributes actually relate to human be- 
havior. 

4, Bordes 

Bordes does not indicate which anthropological theorist he 
follows. Nevertheless, his views clearly fall within the French struc- 
turalist anthropology tradition. Bordes' system is designed to charac- 
terize and distinguish prehistoric cultures on the basis of the tech- 
nological structures which are created through the use of specific 
techniques. 

Bordes assumes that societies are characterized by social 
solidarity and that production techniques are governed by normative 


behavior (see Harris 1968:464-513 for discussion of social solidarity). 
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Furthermore, ethnic groups can be distinguished on the basis of the 
frequency distribution of types. Bordes' justification for comparing 
types is not clear. From Bordes' writings it would seem one must assume 
a steady static view of culture which produces the same number of all 
artifacts during all seasons year after year. 

Bones) Structuralist position has been questioned by the 
neo-evolutionists on the basis of a functional argument. Bordes (1961) 
identified five ae inet Mousterian Sriaeion Lewis and Sally Binford - 
(1966 and 1969) countered Bordes' thesis with a falsifying argument 
(cf. Popper 1959) that individuals participate differentially in society 
as well as seasonally. They suggest Bordes' typology represents a blend- 
ing of activity units which obscures their functional significance. In 
attempting to demonstrate their thesis the Binfords assigned Bordes'! 
‘types functional qualities. Subsequently a factor analytic program 
was used to cluster the types. These eek are interpreted as dif- 
ferent ''tool kits'' used in dissimilar functional activities within the 
framework of a seasonal round. The Binfords' use of factor analysis 
has been criticized by Johnson (1972:373) on statistical grounds, but 
perhaps their grossest error is their failure to consider the temporal 
and spatial ee of the artifacts chosen for comparison. Also, 
their functional interpretations are untested hypotheses. There is no 
assurance that the clusters of types actually are tool kits; consequent~- 


ly, the debate goes on. 


5. Semenov 
Semenov (1964) draws his theoretical inspiration and justi- 


fication from Karl Marx. Marx advocated the historical study of the 
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material bases of socio-economic organization. He thought the active 
relationship between man and nature would be revealed through techno- 
logical studies. Semenov expanded this theme by developing an inferen- 
tial methodology for detecting how technological items functioned in 
prehistoric societies. Semenov hypothesized, '' ... traces of wear make 


it possible to define what work was done with a given tool, that is, how 


the object being studied was used and on what material'' (Semenov 1964:2). 


Although Semenov did not develop his classification system beyond the 
type level, it is designed to organize data in reference to the above 
hypothesis. 

Bordes (1967 and 1969A) criticizes Semenov primarily on the 
basis of his superior knowledge concerning tool production patterns. 
Semenov (1971), in his reply to Bordes, raises a number of issues about 
Bordes' own classification system and his concepts concerning tool 
making. However, the major substantive point Semenov makes is Bordes' 
failure to consider functional criteria in establishing his types. 
Bordes (1961:1) believes that function has and will remain enigmatic for 
a long time. 

In contrast, MacDonald and Sanger found that the application 
of microscopic analysis to the Debert collection from Nova Scotia, 
which contained a variety of different kinds of materials, has a limited 
application. They state: 

"It was found that the hardness of the ma- 

terials, or their silicious content, affected 

directly the types of observations that could be 

successfully made. The harder materials (rang- 

ing between 6 and 7 on the Mohs scale) retained 

clear traces of tool manufacture but only poor 


evidence of tool use.'! 


(MacDonald and Sanger 1968:237) 
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In conclusion, Semenov's hypothesis has yet to be demon- 
Strated as valid beyond a limited number of specialized instances, 
mainly dealing with soft ground stone tools. 

In Summary , although several concepts of culture have been 
alluded to in the classification systems reviewed, they have had little 
relevance in archaeological research. Even though each of the classi- 
fication systems are framed in different terms they are all based on 
the same uhG@e Sater sare ben chit] determines variation in artifact 
form. In all cases the concept of culture is employed as a priori 
truth, not something to be tested against the archaeological record; and 
simply plugged into the above formula. Such an approach precludes the 
meaningful study of relationships between cognition and material vari- 
ables. Since the variables determining variation are not stated and 
sources of external variability are not considered, all of the approaches 
examined are inconsistent taxonomic systems. In other words, morpholo- 
gical attributes selected for type formation are not based on any sort of 
theoretical construct, but are selected arbitrarily. All of the ap- 
proaches outlined above will henceforth be referred to in general terms 


as the morphological approach. 
F; Conclusion 


When prehistoric archaeology began in Europe in the 1800's 
there were no stone tool making societies with the exception of gun- 
flint makers. In America metal implements had replaced those produced 
out of stone. Thus, from the beginning, prehistorians have relied on 


the ''data language'' generated by ethnographers and experimentalists in 
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both America and Europe for describing stone implements. In the pro- 
cess of communicating their information concerning technological opera- 
tions and resulting morphological features, an attribute data language 
has been created which is employed by present-day prehistorians for 
defining types. 

Explanations which are advanced regarding particular mor- 
phological and technological attributes have not developed in total 
, isolation from events occurring in other disciplines. Indeed, jargon 
has been borrowed from ethnography, geology and material science and 
through time has accumulated to form a descriptive data language. 
However, there are a variety of problems associated with the use of 
formal and technological attributes which undermine the validity of the 
form function hypothesis, which the typological schemes advanced here are 
designed to facilitate. Some of the major problems include: (1) the 
lack of an underlying theory and the use of conflicting theories of 
fracture; (2) problems of isomorphism in both formal and technological 
attributes; (3) poor and inaccurate ethnographic analogs; (4) the use 
of uncontrolled éxperimental analogs; (5) the intuitive selection of 
attributes by using projective analogy; (6) failure to distinguish be- 
tween cultural and non-cultural variables. 

In addition to these fundamental problems which undermine the 
validity of attribute systems, the form-function hypothesis is charac- 
terized by a number of problems. This hypothesis assumes each tool 
form has a single function and furthermore denies the possibility that 
diverse forms can have the same function. In short, it assumes that 


human behavior can be characterized as a unidimensional rather than the 
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more realistic approach as a multidimensional phenomenon. 

From a systematic point of view, the following quote from 
Robert Dunnell's Systematics in Prehistory is most pertinent. He 
states, 

"For a classification to be accepted as 

valid, it must be internally consistent. De- 

cisions in the formulation of the classes in- 

corporated in it must have been made with refer- 

ence to a unified set of rules. Whimsical 

choices are not permissible for they destroy 

the system nature of the classification and 

negate any possibility of explicitly stating 

the relationship between classes. Examining 

a classification for internal consistency is 

an evaluation of the structure of the classifi- 

cation. If a classification is found to be 

inconsistent, it cannot serve as a classifica- 

tion because it does not provide any means of 

Stating the relations between classes."' 

(Dunnell 1971:60) 

Confusion also exists in the schemes reviewed as to what 
constitutes phenomenological as opposed to ideational aspects of classes. 
A distinction is not made between the rules necessary for admission to 
a class, e.g., significata and the data denotatum. For example, the 
denotatum (intuitively selected attributes) are abstracted from the 
artifacts and then used to define the artifacts in essense, a circular 
argument, e.g., teleology. 

In view of the fact that "artifact types'' are created without 
the use of culture, cognition, or material theory, the type as it now 
exists must be rejected as an invalid construct. As the existing mor- 
phological approaches focus almost exclusively on outline form and 


selected technological attributes, they are of little utility in explain- 


ing processes responsible for changes observed in diachronic sequences. 
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The morphological approaches which have been reviewed have little utility 


in distinguishing between trade, diffusion, migration from Worst tu dev- 


elopment. It is for this reason that an alternative model building ap- 


proach is presented in the next chapter. 
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CHAPTER I11 


A COGNITIVE MODEL FOR DERIVING 


CULTURAL INFORMATION FROM STONE TOOLS 


A. Introduction 

The proper subject matter of most prehistoric archaeology 
is populations of artifacts, features and other physical data which 
survive in. the archaeological re eare: From these remains the prehis- 
torian attempts to reconstruct how social groups adapted to the situ- 
ations in which they found themselves. The remains left behind at 
archaeological sites have been transformed in one way or another a 
prehistoric groups and individuals attempting to achieve or fulfil] 
some sort of goal. Thus before archaeologists can Peeablieh meaningful 
classification systems, or make inferences concerning human adaptations, 
they must postulate the operational nature of the systems which lie be- 


hind formal variation of material products. 


B. Review of Deetz's Conceptual Model 


In Chapter II it was argued that although typologists make 
reference to conceptual aspects of tool making, this has actually not 
played a prominent role in their thinking. Rather, a static approach 
is favored where attention is focused almost exclusively on placing 
morphological forms into categories without consideration of the pro- 
cesses which led to their formation. 


The conceptual approach of James Deetz (1965, 1967 and 1968) 
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has provided an intellectual impetus for a number of subsequent works 
(Longacre 1970 and Hill 1970). He suggested that artifact form can 
be explained by variation in conceptual frameworks or ''mental templates'' 
of tool makers. Deetz states: 

"The idea of the proper form of an object 

exists in the mind of the maker, and when this 

idea is expressed in tangible form in raw ma- 

terial, an artifact results. The idea is the 

mental template from which the craftsman makes 

the object. The form of an artifact is a close 

approximation of this template, and variation 

in a group of similar objects reflects varia- 

tion in the ideas which produce them." 

(Deetz 1967:45-46) 

Subsequently Deetz (1968) further defines this position by incorporat- 
ing Rouse's concept of mode as the cognitive and behavioral equivalent 
of attributes. Deetz has made a large step in the right direction in 
his conceptual approach via his insistence that the consistent occur- 
rence of attribute clusters on artifacts represents culturally condi- 
tioned decisions on the part of the tool makers. However; like Rouse, 
he sets the impossible objective of attempting to define emic cate- 
gories (mental templates) rather than etic categories which are far 
more subject to investigation in prehistory. 

He argues that one of the goals of cultural reconstruction 
should be to explain the existence of attribute clusters. In other 
words, he is interested in looking at the reason why certain attributes 
were chosen and not others. As an example of this kind of ''psychic 
approach'', Deetz cites his own Arikara Ceramic analysis from the Medi- 


cine Crow site in south-central Dakota. 


"By treating the attributes separately with 
respect to the manner in which they formed clus- 
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ters, it was: shown that a high degree of clus- 
tering was a function of the regulation of 
attribute choice within a framework of matri- 
lineal descent and matrilocal residence. When 
these features of the social structure were 
altered in later components, there was a cor- 
responding decrease in the degree of clustering, 
and the attributes exhibited a more random mode 
of occurrence. Attribute choice was conditioned 
by training of daughters by mothers, and when 
this transmission of attributes between genera- 
tions was disrupted, there was also a change in 
reasons for attribute choice. Women who once 
selected certain combinations because they were 
modal for their lineage and residence group 
later made their choice with greater freedom, a 
trend reflected in a lower degree of patterning 
in the resultant artifacts. Furthermore, the 
total design vocabulary of the people underwent 
change, and a somewhat different modal set of 
attributes was produced in later components.''! 


(Deetz 1968: 33) 

Exception must be taken to the above viewpoint. Deetz 
argues that variation in artifact form is simply a reflection of the 
ideas which produce them. This viewpoint is an overstatement of a much 
more complicated picture. Not infrequently there is a-gap between the 
artisan's ability to conceptualize a material item and his ability to 
produce it. This is not surprising, for different individuals do not 
have equal motor skills to materialize their ideas. Consequently, formal 
variation of artifact form can sometimes also be explained by differen- 
tial abilities to execute imperative procedural rules during the produc- 
tion process. Furthermore, by arguing that one of the goals of prehis- 
feng is to discern why certain attributes were used instead of others, 
Deetz has constructed an overly simplified view of the human mind. He 
argues that the key ae understanding attribute clustering in Arikara 


ceramics is interruption in the transmission processes between mother 
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and daughter. Certainly this may be one of the major factors which 
could affect the kinds of decisions made by potters. However, a host 
of other hypotheses could be advanced to explain the same phenomena. 
(Ror example, one could argue that the frequency of the use of brass 
pots increased through the time period under consideration, and what we 
see is a replacement process. 

What Deetz has done, probably inadvertently, is to argue for 
a unidimensional rather than multidimensional approach for explaining 
human behavior. He suggests that experience acquired from the mother 
via transmission is significant in establishing dominant attribute pat- 
terns. It is contended that there are a great many factors other than 
one's mother which may influence the kinds of decisions in the production 
of attributes. In contrast to Deetz's goal of determining why attri- 
bute clusters were chosen, a goal more amenable to investigation would 
be to examine how attribute combinations cluster together, and what 
kinds of inferences can be made from these combinations. concerning 
both material and non-material aspects of former life ways. Perhaps 
the why questions should best be left to the theologians! 

In summary, although Deetz's model is an advance over the 
previous morphological Spprenehy it is based on simplifying assumptions 
concerning the human mind which are not acceptable. Neither the mor- 
phological approach nor Deetz's conceptual model enable the analyst to 
distinguish between such fundamental processes as diffusion, migration, 


trade, and in situ cultural development when analyzing artifacts. 
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C. Cognitive Model 


It has become clear that the concept of culture has no 
Per cumenes s as presently used in archaeology. In Chapter I! it 
was argued that although typologists make reference to conceptual as- 
pects of tool manufacture, Bee aims, methods and implications of cog- 
nitive anthropology have not been given serious consideration and entail 
rethinking the concept of culture (cf. Tylor 1969:13). Rather than 
rehash overworked definitions of culture, a more profitable avenue of 
research is to postulate how the individual's cognitive system operates, 
and for the purposes of this paper to explain the cognitive organiza- 
tional principles which underlie tool manufacture. 

The concept of culture has meaning at primarily three dif- 
ferent nile (cf. Young 1973). Since each individual is unique and 
has different sets of plans, goals and memories, the total set of cog- 
nitive models is regarded as the individual's culture or his mazeway 
(cf. Wallace 1961:16). The next level of culture refers to the shared 
experiences, plans, goals and memories of interacting social groups. 
With the exception of Senienoune (1964) study, the classification schemes 
previously analyzed are designed to cope with this level of abstrac- 
tion. The bpeuationcl assumption is made that similarity in material 
culture forms reflects shared mental and behavioral patterns. The 
third and highest level of culture of concern to anthropologists is the 
characteristic shared in common by all societal groups. Semenov's con- 
cern with the evolution of work is focused at this level of abstraction. 

In their quest feraki cities information, prehistorians have 


commonly ignored the role that the individual plays in the production 
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of artifactual materials. Since the analytic tools, i.e., classifi- 
cation systems, have focused almost exclusively on the second level 
which emphasizes shared similarities and dissimilarities, variations 

in artifact forms have been ignored in favor of pursuing the normative 
view. Consequently, the factors which underlie formal similarities and 
variability have not been subjected to systematic investigation. 

The two highest levels of culture outlined above are based on 
the preceding underlying level. Thus a middle level abstraction con- 
cerning normative trends in culture, such as are commonly used by pre- 
historians, can be accurate only insofar as its underlying levels are 
valid (see Feibleman's (1954) theory of integrate levels, footnote 2, 
page 71). Since it is obviously the individual who produces and uses 
material remains, it is clear that the significance of the individual 
should not be ignored in studying intra- and inter-assemblage variabi- 
lity. Thus in order to study societal normative tendencies it is im- 
perative to examine the relationships and frequency of occurrence of 
individual cognitive models as reflected by material remains (this con- 
cept to be developed in detail shortly). In other words, one should 
begin with one's own data base or cognitive models reflected by one's 
own material PoRente before making comparisons. This view is at a 
180° angle to the common practice in archaeology of beginning with 
prior definitions of what index artifact types must be present in a 
given assemblage to gain membership in an elitist prehistoric society. 
For example, Butler states, 

"In the Northwest, the Old Cordilleran 

Culture assemblage comprises a locally distinc- 


tive point type, the Cascade point, which is 
often made on a blade, other blade tools, a 
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variety of oval knives, and a generally non- 
distinctive assortment of cutting, chopping 
and scraping implements, all made of stone.'"' 

(Butler 1965:1,127) 
“In other words, the archaeologist intuitively defines societal norms 
through artifact types by framing statements in terms of diagnostic 
and non-diagnostic artifacts. Likewise Bordes (1972:48-50) uses the 
terms, “typical! and ''atypical'' or the terms ''average'', ''pure'' and 
"classic'' are employed re Agogino and Parrish (1971:111-114). Such 
terms are simply intuitive value judgments made by prehistorians. A 
much better approach is to consider the total range and frequency of 


linked attributes forming decision models in a given assemblage rather 


than to begin with prior definitions. 


D. The Individual 

Man is essentially a problem-solving organism and perhaps 
unique in the animal kingdom with this skill. It is the question of 
how problems are solved through data processing that is of concern 
here. Although the human mind poses one of the all-time great unsolved 
black box problems, inferences can be made concerning its internal 
Structuring and modus operandi. 

Since | have previously argued that it is necessary to make 
explicit one's analog sources, I! shall begin with a general explana- 
tion as to how and why the model presented in Figure 1 was created. 
Having been confronted with the disillusioning experience of trying to 
use a traditional morphological approach to classify Alberta's amor- 
phous cobble tool assemblages, |! was led to consider the alternatives. 


Since Don Crabtree seemed to know more about tool production than any- 
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one else on this continent, arrangements were made to spend the academic 
year of 1967-1968 learning some of the practical aspects of artifact 
production. There | \@irded tome things about controlling fracture, but 
was left in a dilemma, as | was searching for an explanation as to what 
variables govern Praeeare morphology. Next I turned to the engineering 
and glass technology literature and found some of the answers | had 

been searching for (see Chapter V). As a consequence of my work with 
Crabtree, as well as my own ongoing practical experimental work, | 
gradually began to realize that equally as important as the tools them- 
selves are the intellectual processes which are responsible for their 
formation. So the model which follows is a first attempt to verbalize 
my ai intellectual processes which are used for tool production. 

The cognitive model presented in figure 1 has been designed 
to provide a general picture of the intellectual operations involved in 
tool production. It should be understood from the outset that the model 
is ae avai d construct and should not be misconstrued as attempting 
to represent psychological reality. The major value of the model lies 
in its ability to predict. Although the model is general in nature, it 
postulates that at least four levels of conceptualization may occur in 
the production BP flee dats objects. Each of the four levels has a phe- 
nominological or material representation and, therefore, is subject to 
scientific investigation. 

Previously, it was suggested that one of the prehistorian's 
primary objectives is to learn how groups adapted to their environment. 
Human adaptations are no more, or for that matter no less, than the ap- 


plication of a decision model to a particular contextual situation. 
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Artifacts reflect human decision models and can be defined as a seg- 
ment of man's material’ environment which has been used or modified 
through the application of a structured set of principles. Artifacts 
exhibit through their physical attributes and the relationship between 
these attributes, the materialization or objectification of a portion 
of a cognitive system held by their maker. Thus in order to under- 
stand adaptation it is necessary to search for or investigate the or- 
ganizational patterns Pos in tool production and use. 

It should be understood from the outset that cognitive systems 
are open-ended, dynamic and have feedback loops which qualify them as 
cybernetic systems. At any given time or place there are a range of 
alternative decisions open to the individual tool maker. The boundaries 
of this range are determined by a number of factors. Foremost of these 
factors are the available materials, familiarity with material proper- 
ties, the individual's place in society, past tool making experience, 
creative ability and motor skill. In order to get a better grasp of 
these systemic relationships, the discussion will not be turned to de- 
fining the major components and relationships between components in the 
decision-making model depicted in figure 1. 

The organism is continually bombarded with sense data from 
the external world which is continually processed. 

"(1) As a result of being bombarded with 

sense data (''D'') from external reality (R) 

(which includes both data from the natural 

environment and ongoing culture experience) , 

the individual receives various sensations 

("'S") or messages via the receptors in the 


central nervous system. This constitutes the 
Input Stage (1). 


(2) Many of these sensations are processed, 
along with memory data (''M''), in the higher 
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centers of the brain. This we call the In- 
terior Transformation Stage (1)."! 


(Young 1971:19) 

The tool making craftsman engages in a logical operation at 
this internal transformation stage, which is here called previsualiza- 
tion, in attempting to solve technical problems. Once a need for solv- 
ing the problem is conceived there may be variety of alternative op- 
tions open which are not comparable in terms of efficiency. There- 
fore, prior to setting a goal or course of action the known plans or 
alternative strategies (in Memory Storage) will normally first be 
evaluated. Before a goal can be set, a decision must be made as to the 
tool shape which is necessary, and an appropriate strategy or plan com- 
posed of a set of procedural rules must be selected which can then be 
used to produce the desired tool. There is by necessity a feedback 
relationship between the various aspects of the overall strategy. The 
procedural rules and any specific goal, as a preconceived goal, cannot 
be actualized if the wrong set of procedural rules, and hence strategy, 
are chosen. 

There are basically two kinds of goals of significance in 
tool manufacture. A primary goal is the end objective or the solution 
of a need. Goals of this type are formed by articulating a set of pro- 
cedural rules into a plan. Many primary goals are constituted of a 
series of sub-goals, which are subsets of procedural rules. | 

Any practising artisan has a repertoire of strategies and 
rules, derived through tradition and personal experience, which can 
be articulated in a variety of different ways depending upon the chosen 


goal. A procedural rule is used to specify the behavioral action which 
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an actor can undertake for the purpose of fulfilling a chosen goal 
or sub-goal. If several rules are articulated the successful appli- 
cation of each rule should be considered as sub-goals to the primary 
goal. 

An example of a procedural rule is the successful appli- 
cation of a given amount of force which results in fracture and the ma- 
terilization of a preconceived shape. In other words, procedural rules 
are predictive in nature. During the production process decisions 
concerning procedural rules may be made almost simultaneously at se- 
veral different levels. 

The four levels of organization in the postulated model 
should be conceived of in terms of Feibleman's theory of integrative 
levels and rules of explanation previously cited. Each level repre- 
sents an emergent quality, its cause exists at a higher level and its 
mechanism at a lower level. In other words, the organization of a level 
cannot be understood unto itself or be treated as a closed system. If 
an analyst is to understand or explain a level, he must examine the 
mechanism or process responsible for the creation of that level. The 
four levels of cognition involved in tool making are hierarchically 
structured ina dynamic flow system. Each level of cognition repre- 
sents an emergent quality but can best be understood in light of the 
levels which are superior and subordinate. 

The first level of organization is the selection of materials 
for input into the system. A priori knowledge of material behavior 
must be acquired before an appropriate selection can be made for the 


achievement of a goal. Each local environment places constraints on 
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the kinds of goals which can be achieved due to the fact that resources 
are not equally distributed in all environments in the same way. 

The second level is concerned with the decisions made in 

combining input variables. There are six major classes of input vari- 
ables: (1) material, (2) holding position, (3) form, wae Mra ee (5) 
kind of impactor and (6) form or shape of material, which are combined 
to induce mechanical events. Particular combinations of input variables 
are employed to induce and manipulate wave and fracture mechanics (see 
Chapter V) in the formation of desired kinds of fracture surfaces. 
These surfaces are characterized by attributes and their range of vari- 
ation is indicative of the input variables which led to their formation. 
The repeated occurrence on an artifact of the same cluster of attributes 
is indicative of the successful application of a procedural rule and can 
be thought of as a purposeful constructional unit. 

The internal structural relationships of constructional 
units of the same kind as well as of different kinds is the third level 
of organization which requires decision-making on the part of the arti- 
san. The direction of work, the angle and the spacing between construc~ 
tional units as well as the sequencing between units must be considered. 

The level of organization to be considered concerns the de- 
cisions required to achieve external relations or the outline form of 
artifacts, i.e., the final form. The rules for operationalizing the 
length, width, thickness or the external parameters of the completed 
goal are now considered. 

Once a goal is previsualized as a consequence of interior 
transformations in the cognitive systems, neuro-messages are sent to 


the muscles which constitutes the output stage. 
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''(4) a response on the part of the muscles 

which result in some form of behavior (''B!') . 

occurs at the external stage (E). Behavior forms 

part of (and to a certain extent, changes) ex- 

ternal reality (R) which is defined as everything 

that exists outside the boundaries of the organism.'' 

(Young 1971:19) 
As the tool maker continually scans the tool-producing operations 
with his senses, two kinds A information are fed back into the mind 
to be placed in memory storage and to undergo interior transforma- 
tions. The behavioral data that occurs when procedural rules are 
applied is transformed into sense data which is labeled Fl in Figure 1. 
The other type of information, F2, which is converted into sense data, 
has to do with the physical reality or state of the artifact acted on 
by one's behavior. It will be noted that as different levels of pro- 
cedural rules are applied to materials during the artifact manufacturing 
process, different kinds of information will be returned to the mind 
for subsequent processing. 

While the technician is working there is continual informa- 
tion feedback. He scans and evaluates the surface of the piece under 
construction. Morphological cues are given values which the artisan 
uses for the selection of the most relevant rule next to be applied in 
attempting to achieve the primary goal. Nevertheless, with the suc- 
cessful application of each rule, limits are placed on the kinds of 
rules which can subsequently be applied. 

Considerable variation sometimes exists between the sub-goal 
and what actually materializes. Contingency sub-goals and procedures 


are then used to rectify the situation. Not infrequently, in the 


early stages of manufacture, the artisan may use a strategy of linking 
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a series of contingency plans in attempting to achieve the primary goal, 
for he has the least control over his material in this stage of manu- 
facture. If the specimen is badly demaged in a way which would prevent 
primary goal achievement, the specimen may simply be abandoned. On the 
other hand, an entirely new goal may be selected. 

Thus, in summary, it can be seen that a number of decisions 
are required, dealing with different levels of information, for produc- 
ing an artifact. The entire process involved in solving such technical 
problems as artifact production is here referred to as a decision model. 
The ramification of the decision model approach for artifact classifi- 


cation will now be considered. 


Et Classification 


In the past prehistorians have concentrated their efforts on 
describing artifacts, not the decision models which they reflect. In 
an extractive industry such as stone tool production, many separate 
specimens may be created as the constructional units are detached. A 
great deal of information has been ignored by focusing attention only 
on ''finished artifacts." 

In reconstructing the decision models used by craftsmen in 
extractive industries, the analysts must investigate the relationship 
between constructional units. Although the finished artifact may reflect 
a number of these kinds of relationships, it is unlikely it will reflect 
the total decision model. For example, a few of the material components 
which might be represented in a projectile point production system would 
be cores, large flakes, preforms, pressure flakes and finally the pro- 


jectile point itself. It would be very difficult to look at a projectile 
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point and determine the kind of core from which the flake on which the 
point was made happened to be detached. 

The material representation of decisions framed in a decision 
model are reflected by constructional units, i.e., flakes which in turn 
are characterized by attributes. Thus the analyst's objective is to 
determine the kinds of constructional units and the sequential ordering 
when possible between constructional units in defining a decision model. 
It should be noted that most specimens will reflect more than one con- 
structional unit due to the negative and positive aspects of fracture. 

Archaeologists who have been faced with the task of evaluat- 
ing shifts in artifact forms in diachronic sequences have based their 
evaluations primarily on one set of criteria--artifact outline form. 
Technological variables have been taken into consideration only to a 
very minor extent despite the fact that external formal variation re- 
presents only oné of the several levels of decision-making. However, 
all levels of the decision-making model must Bé taken into considera- 
tion if more complete reconstructions are to be attempted. As has pre- 
viously been indicated, there are frequently a number of alternative 
ways an individual outline form can be achieved. Thus in attempting to 
determine if Bttpibdtes A or B belong in the same class there must be 
a demonstrated reear ferent in the kinds of procedural rules used in 
manufacture. The major advantage of classifications based on decision 
models over the morphological approach is that the former recognizes 


that formal variation occurs on at least four distinct levels, not just 
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all levels of organization in the decision model, not just similarity 

In defining the decision models reflected by stone implements 
in an assemblage of artifacts, the analysts may use a statistical ap- 
proach to define normative tendencies. Such anapproach enables the in- 
vestigator to construct probabilistic statements concerning patterns 
reflected by material remains. Each level of organization in the deci- 
sion model results in the production of attributes and constructional 
features which are characteristic only to that level. Decisions con- 
cerning materials can simply be recorded by noting the rock type used 
such as metaquartzite, porcelinite, Knife River Flint, petrified wood, 
etc. The second level of analysis results in the production of techno- 
logical attributes. Under this rubric, attributes such as the shape of 
the bulb of force, occurrence of rib markings, flake shape, shape of the 
distal end of the fracture front, conoid fracture segments, and plat- 
form alterations such as crushing are considered. The third level of 
Organization referred to as microstructure examines the relationship be- 
tween constructional units. Platform alterations, spacing between 
flakes, shape of ridges on flakes, areas in which retouch occurs on 
flakes, are but a few of the classes of observations which can be made 
at this level. The fourth level is concerned with macrostructure or 
properties relating to outline form of specimens. Categories such as 
length, width, thickness, angle of notching, and outline shape of 
modified edges are but a few of the classes which fall within this 
level of analysis. Other levels can be added to the model if they aug- 


ment the analyst's research design. For example, a fifth level could 
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be added to the model which would consider function. 

Perhaps the major advantage of the decision model approach is 
that it enables the investigator to quantify the decisions involved in 
tool making and from there the analyst can build outward, forming higher 
levels of abstraction as research progresses, rather than beginning with 
preconceived notions as to what is a type or an archaeological culture. 

The decision models used by stone tool craftsmen are not 
thought to be reflective of the cognitive maps of the whole society. It 
seems likely that stone tool manufacture was only participated in by 
a small segment of society--the lithic artisans. Furthermore, the 
amount of individual variation in the application strategies and pro- 
cedural rules among a group of individuals in a human society is an al- 
most totally unexplored area of research. e view of these problems it 
would be most expedient in the beginning to apply the decision model 
typological approach to sites with good context and clear-cut strati- 
graphic divisions. In constructing decision models, it. must be demon- 
Strated that there is a consistent clustering of the same set of deci- 
Sions recognizable on several artifacts. 

tae analysts will not be able to reconstruct total decision 
models in many nan on Due to the non-random distribution of raw 
materials and food resources, technological Operations often were con- 
ducted whenever expedient. For example, it might be more expedient to 
shape biface at a quarry and transport the bifaces to a second locality, 
rather than transporting a large amount of raw material to a second 
location. The bifaces might be heat treated and made into projectile 


points. Thus by searching for decision models used in production, the 
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analyst is forced to consider the kinds of technological operation 
carried out at individual sites. Information of this variety is most 
useful for reconstructing site specific economic activities. 

When faced with problems of evaluating changes in diachronic 
sequences which could possibly be explained by such diverse processes as 


migration, diffusion, trade, and in situ development, the decision 


model approach offers at least a partial solution. For example, if 
there was a shift in projectile point shape from level A to B, it would 
be possible to sort out which of the processes was involved. If migra- 
tion were involved, one would anticipate there would be little overlap 
in any of the organizational levels of the decision models used to produce 
the points. Diffusion would probably involve only changes in one level 
Or Organization, certainly not at all levels of decision-making. On 
the other hand, trade items, if from a distinctly different social 
group, might appear as representing distinctly different decision models. 
However, one would anticipate that such items would be rare and easily 
distinguishable from functionally similar forms produced locally, al- 
though this need not always be the case. In the case of in situ develop- 
ment, it can be anticipated that only the procedural rules relating to 
macro-structure would change. In other words, although for some reason 
it might be necessary to change "i outline form of the artifact, other 
levels of organization may remain constant. Admittedly, the analytic 
procedures outlined above are on shaky ground--but their applicability 
could be tested in contemporary societies. 

Certainly the most complicated level in the model is the se- 


cond level of organization. It is not subject to anthropological ob- 
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servational techniques. This level of organization postulates that 
fracture morphology is dependent upon the independent input variables. 
As previously indicated, no one has ever established what the range of 
morphological variability is under a controlled set of input conditions. 
Rather than prematurely beginning the task of classification on an 
archaeological assemblage, it will be more expedient to test this 


part of the proposed analytic system experimentally. 


Integrative Levels 


pie wpeech level organizes the level or levets ‘below it plus? one 
emergent quality. Thus the integrative levels are cumulative 


upward 
2. Complexity of levels increases upward . 


3. In any organization the higher level depends upon the lower . 


4, In any organization the lower level is directed by the higher . 


5. For an organization at any given level, its mechanism lies at 
the level below and its purpose at the level above . 


6. A disturbance introduced into an organization at any one level 
reverberates at all levels it covers. . . The time required for 


a change in organization shortens as we ascend the levels. 
7. (Not applicable in present study) 
8. The higher the level, the smaller te population of instances ... 
9. lt is impossible to reduce! the higher bevel to the lower . 


10. An organization at any level is a distortion of the level be- 
low . 


it. Events at any given devel aftect organizations at other levels ... 


122° Whatever is at frected as an organization has some effect as an 
organization. 


Rules of Explanation 


t. the reference of any organization must be at the lowest’ level 
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which will provide sufficient explanation . 


The reference of any organization must be the highest level which 
its explanation requires . 


An organization belongs to its highest level . 
Every organization must be explained finally on _its own level . 


No organization can be explained entirely in terms of a lower or 
higher. level." 


(Feibleman 1954:59-64) 
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CHAPTER IV 
RESEARCH DESIGN 


A. Introduction and Theoretical Orientation 


The interaction between human cognition and the material 
environment, a major part of which can be charaétérized as technology", 
results in the production of what is commonly called matéfial culture. 
The latter term is generally characterized by techniques and material 
items such as stone artifacts and computers. By concentrating scien- 
tific investigation toward the development of BR cidenion models of the 
dynamics at this interface between cognition and environment, an under- 
standing of human adaptation can be gained. During the last decade 
ecologically-oriented prehistorians have made major contributions to- 
ward the problem of explaining the development of civilization by 
focusing on the dynamic interaction between man, plants and animals 
in a systemic framework (Byer 1967; Clark 1954; Jennings 1973; MacNeish 
1958; and Ucko cthhelld 1969). These initial successes are based on 
interdisciplinary research designs. Systemic models have been con- 
structed which integrate ecological and cultural theory for the purpose 
of generating cultural ecological explanations. The applicability of 
specific models has been tested against the archaeological record. 
However, studies in prehistoric technology have not been carried out 


with the same kind of systematic rigor. 
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Man's primary method of altering the natural environment 
is through the use of tools. Natural materials such as rocks, plants 
and animals can be transformed into useful materials which form the 
basis of a multitude of adaptive patterns. Tools are used to collect 
and process material which can be employed to fulfill such fundamental 
needs as food, clothing and shelter and on levels beyond subsistence 
they are employed to create such things as art objécts and musical 
instruments. It can readily be seen that tool making behavior is the 
cornerstone in a pyramid of adaptive material culture patterns. Tech- 
nological innovations can and have had far-reaching ramifications for 
other kinds of patterns. Since technology is a major intervening link 
between man and environment, a change in tools and tool using processes 
can considerably alter man's other adaptive relationships and conversely, 
a shift in environment may require a change in tool making and using 
behavior. For these reasons the present study focuses exclusively on 
tool making adaptation and even more precisely on one category of im- 
plement--stone tools, which dominate the archaeological record. 

A general systemic interdisciplinary model has been proposed 
(Chapter 111) which can be used for explaining particular tool making 
adaptations. This field of study faenaaston cognition and mechanical 
relationships. Two bodies of theory are integrated into the model for 
the purpose of explaining variability in artifact form. In Chapter III 
the position is taken that tool making from the cognition side of the 
equation can best be understood in terms of the kinds of decisions made 
by the tool maker in producing implements. However, the analyst, in 


attempting to reconstruct any decision model, must have an understanding 
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of the interplay between input variables, the mechanical principles 
used to alter materials and the resulting output. Fracture dynamics 
and particular morphological features are discussed in detail in Chap- 
ter V. 

Unlike cultural ecological models which have contemporary 
analogs, the stone tool producing systems used by ethnographic societies 
are now extinct in most parts of the world. Consequently, the prehis- 
torian who wishes to understand tool making production systems is left 
with the task of postulating the nature of the systemic relationships 
between cognition and materials, for it is the systemic relationships 
which are responsible for the products the archaeologist wishes to 
classify--artifacts. 

There are two ways the model proposed in this study can be 
partially tested experimentally. Replicative experiments could be 
conducted for the purpose of demonstrating the applicability of a par- 
ticular set of cognition-mechanical relationships, which set could then 
be used as an analog for explaining a specific kind of artifact. How- 
ever, the major problem in attempting to use the experimental replica- 
tive approach for demonstrating the validity of a systemic model is that 
the human being provides a major source of random variability. It is 
impossible for the flint knapper to strike twice in a row with the 
Same amount of force, at an identical angle and velocity. The second and 
more viable alternative for testing the model proposed in Chapter III 
is to design an experimental machine system which simulates the human 
model. By eliminating the flint knapper and substituting a machine 


counterpart, the classes of variables thought to cause formal variation 
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in the system might be identified and controlled. 

From the outset it should be made clear that the flaking 
machine (''Stainless Steel Indian'') substituted for the flint knapper 
does not exactly duplicate the human being from an operational point 
of view. It isa closed system without information feedback. There are 
several major advantages of simulating open systems with closed system 
models. Simulation systems can be used to eliminate unnecessary sources 
of variability, a situation which enables the analyst to control the input 
and to evaluate the effect of a given set of input variables on the out- 
put. Although a closed system employed here lacks information feed- 
back, it can be preprogrammed to carry out a specific set of decisions 
in the same way consistently. Thus by gaining control of the input 
variables, the morphological effect, i.e., attributes and attribute 
clusters, can then be evaluated in light of a specific set of input 
variables. 

The machine simulation system developed for this research is 
designed specifically for testing the second level of the open system 
model. The objectives undertaken in this experimental pilot study are 
to determine how and if the postulated classes of input variables of 
holding position, torque, force, material and impactor affect output, 
i.e., attribute morphology; and whether or not morphological attributes 
can be used to identify input variables. By fulfilling this objective 
a two-fold purpose can be achieved. Not only will the second level of 


the proposed open system model be tested, but in addition the study 


provides a partial test of the value of the traditional morphological 
approach by examining the range of morphological variability which 
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results from specific input conditions. A factoral block research 


design which contains no missing data categories has been used to 
facilitate analysis in fulfilling the above objectives. More will be 
said about these matters in Chapter VI. It will now be expedient to 
describe the dynamic loading device (''Stainless Steel Indian'') and the 


controls placed on experiments. 


B. The Stainless Steel Indian 


There are a variety of ways in which dynamic loading machines 
or, for that matter, pressure flaking machines, can be built to simulate 
the human model. In designing the Stainless Steel Indian, two major sets 


of factors were taken into consideration. A key limiting factor was 


cost, as the project had been carried out on an exceedingly limited bud- 
get provided by the Department of Anthropology of the University of 


Alberta. The other major consideration was to come up with a design 
which could facilitate the major classes of variables (force, holding 
position, torque, impactor and material) at a variety of different 
levels for each class. 

Earl Eichenlaub, director of the University of Alberta Tech- 
nical Service Machine Shop, was consulted with these prerequisites in 
mind. After consideration of two designs suggested by Eichenlasb, these 
specifications were met. The dynamic loading machine was subsequently 
constructed at the University of Alberta's Technical Services Machine 
Shop (see Figure 1). 

The major moving part of the machine is a metal bar (1), 


into which different kinds of impactor collars with standardized size 
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Dynamic Loading Machine; front view 


Plate 1 
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chucks are inserted (2). The operating principle of the machine is 

that the metal bar can be locked into place with a lock mechanism (3) 

at any elevation on the guiding metal rods (4). By pressing the trigger 
release (5), the bar free-falls from the set elevation, restricted only 
by the friction of the bearing which guides the bar on the metal rods. 
The specimen is held in a Palmer vise (6) which is attached to the base 
plate (7) with movable shoe mounts. One of the major advantages of the 
Palmer vise is that it permits a great deal of flexibility for holding 
positions. It can be opened four inches and has a turning radius of 


0) 


360. If it is desired, the vise can also be pulled up to a ass angle, 
permitting adjustment of the angle of the specimen to be impacted. 

The pressure put on any specimen is controlled by a torque wrench 
(Torch Indicator, with a 4-inch drive which is attached to the vise 
handle by the means of a special slotted socket). The dial is cali- 
brated in inch pounds. 

A small adjustable truck jack with a rubber pad on top (9) 
is centered between the two guide rods for the purpose of stopping the 
impactor. On the side metal support (10) which stabilizes the metal 
rods a metal scale is attached (11). A Real pointer (12) which is 


secured to the back of the impactor bar permits elevation readings to 


be made of how far the impactor is above the specimen to be impacted. 


GG The Experiments and Experimental Controls 


A multitude of experiments can be conducted with a dynamic 
loading machine, even though any specific machine will place certain 


limitations on the range of experiments which can be conducted. The 
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question can, therefore, be legitimately raised as to why or how the 
144 individual experiments listed in Appendix | were selected from all 
other possibilities. The answer is eworckbilidn As a consequence of the 
past five years of practical experience, it has become clear that there 
are fracture features which simply cannot be understood in terms of 

the core, blade and flake interpretive model which is presently widely 
accepted. Consequently, experiments were designed to produce known 

as well as unknown morphological features which could be placed in a 
comparative quantitative framework. 

Before the experiments reported ‘on were conducted, a small 
pilot project was initiated, for three reasons. On the one hand it 
was necessary to get an idea of how effective the ''Stainless Steel 
Indian'! would be and, if so, what range of variables could the cate 
handle without ''self-destructing?'' Secondly, the pilot study provided 
a preview of the kinds of results or morphologies that could be pro- 
duced, and a rough idea of the range of possibilities for. making explicit 
prior knowledge gained from practical tool making experiences. In ad- 
dition, the experiments were designed to shed light on a controversy 
which currently exists in the literature. Don Crabtree states in his 
definition of Hachritaue that, 

"The technique represents the application 

of the method by the worker with suitable fabri- 

cator to form the stone into his mental concep- 

tion; each technique produces distinct flaking 

characters and technological attributes." 

(Crabtree 1972:2) 


Others who have conducted fewer experiments have cast doubts on the 


idea that individual techniques result in identifiable attributes. 
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Epstein (1964:163-164) indicates it is very difficult, given the present 
state of knowledge to differentiate between pressure and percussion 


flaking with any precision. Likewise McWhinney (1964:203-205) admits 


he is unable to distinguish between hammerstone and billet struck flakes. 


Consequently, different kinds of impactors were incorporated into the 
design. 

Also, as previously indicated, there has been no general 
consensus concerning the significance of materials on tool making pat- 
terns. Both Bordes (1971:212) and Leakey (1960:31) believe that materi- 
als have little or no effect on tool morphology, while Goodman's (1944) 
study indicates the deecr fle: In this study materials selected for 
dynamic loading were chosen with care. 

Glass was used as a control material because a considerable 
body of technical literature has been developed for the analysis of 
glass fracture. Obsidian was selected because it was available, it is 
most similar to glass in structure, and a great many aboriginal tools 
were made from obsidian. Quartzite was chosen not only because it is 
Structurally different than glass, i.e., it is anisotrophic, but also 
because | have yet to describe et thousand quartzite tools from 
the Cypress Hills i Alberta. Thus the experiments conducted wil] 
eventually provide an interpretive framework for actual aboriginal col- 
lections. 

The major classes of variables included in the experimental 
design are Force, Impactor, Holding Position, Material and Torque. 


Each class of variables was divided into levels or particular discrete 


units. Three levels of force were incorporated into the experiments so 
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that the impactor fell 10, 20 and 30 cm., designated F,, Fo and F3 res- 
pectively. Originally, impactors made out of three different materials 
were to be incorporated into the experimental design, but it was dis- 
covered during the pilot Shidy that the sandstone impactors consistently 
broke on impact rather than the Specimen being struck. Consequently 
only moose antler impactors, 1,, and fine-grained quartzite impactors, 
ho yeweresused.  Threesmaterials were selecited“for-use>-g)ass, “M, s~ob- 
sidian, Mo, and quartzite, M3. Six holding positions were chosen, 

Hy 44.7 He (see adjacent illustration). Three torque levels were in- 
corporated into the experimental design: Ty, no torque; 1T,, forty inch 
bbs: ; Saree eighty inch Ibs. 

These variables were all held constant with the exception of 
one variable in each of the experiments, which are numbered consecutively 
1--144. Each experiment was repeated five times in an attempt to deter- 
mine if the results were replicable. Thus 720 specimens were impacted 
during the course of the project. 

Since it is necessary to hold all variables constant except 
one in a factorial research design, an attempt has been made to elimi- 
nate sources of variability of standardizing the input RR The 
three materials Zoi sened for fracture (glass, obsidian and quartzite) 
were cut to the same sizer 5°x 5°x 1 cm. or 2° x2". x 3/8''--ahe glass 
specimens are ‘‘float glass‘'’ and were purchased from Bahry's Glass, Ed- 
monton. The initial cuts on the glass were made with a glass cutter. 
Since ee impossible to get a square cut with a glass cutter, one 
edge of the glass squares was trimmed with a diamond saw so that the 


specimens would have an absolutely flat surface on which the impactor 
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could strike. In addition, the lateral edges on the specimens used 
in holding positions 1 and 2 were buffed with a carborundum sanding 
belt machine so that the force placed on the specimens’ by the vise 
would be evenly distributed. The Department of Geology generously 
made available their rock saws for the project. Three diamond-bladed 
rock saws were kept operating continuously for a period of five months 
ae the rock specimens. 
| | The stone materials came from different source areas. The 
obsidian used came from two separate areas in southeastern Oregon. 
Some of the obsidian employed is flow obsidian from five miles north 
of Hines. The other obsidian used for the experiments was collected 
from the surface of alluvial fans 16 miles east of Hampton, on the 
north side of Highway 395. It would have been better if all the ob- 
sSidian cold have been from a single source, however, a sufficient 
amount from either source would have necessitated a 1,000-mile trip 
back to the source area. 

The quartzite used for the experiments was derived from the 
Cypress Hills Formation, a fluvial deposit of Oligocene age which caps 
the Cypress Hills in southeastern Alberta. The quartzites were col- 
lected from the eae edge of the Cypress Hills plateau from a talus 
slope on the north side of Highway 48. Vonhof (1965:150) has classified 
the Cypress Hills into several major rock groups. The specimens select- 
ed for the experiments are metamorphic quartzites which are extremely 
hard and have an oily luster on a fresh surface. The color varies from 
white es light brown; some are banded and varicolored. In aboriginal 


times these metaquartzites were preferred for tool production. 
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The hard hammer impactors are made out of argillite from 
the Cypress Hills Formation. They were removed from cobbles with the 
aid of a hydraulic press (courtesy of the Physics Department) and a one- 
inch diamond core barrel. The antler impactors are made from Alberta 
moose antler tines. The tips of the impactors were milled down to a 
uniform size on a lathe at the Technical Services machine shop. They 
were uniformly rounded and have a diameter of 1 cm. Since the argillite 
impactors are so hard, a diamond stylus had to be used to shape them; 
wipes a carborundum stylus was quite sufficient for shaping the antler 
tips. 

When the impactors were glued into the impactor collars, 
which fit into the impactor bar, their weight was not the same. Conse- 
quently, a weight of 178.3 grams, ene weight of the heaviest impactor, 
was selected as a constant. If the mounted impactor's weight fel] 
below this constant, lead strips were attached providing the appropri- 
ate weight. Wranttne impactor chuck was inserted into the impactor bar 
the lead strips were attached to the top of the bar directly over the 
impactor chuck, so the weight of the impactor arm would remain constant. 

The jaws of the vise were lined with lead plate rectangles 
0.2 cm. thick. These plates provided a much more adhesive surface for 
holding the specimens in place than the normal steel jaws of the vise. 
If the edges of the specimens were slightly uneven, as was the case 
with some of the glass squares, the edges sank into the lead, thus per- 
mitting a uniform stress field to develop over the entire surface of 
an edge rather than on only the high points of the edge, which is what 


would happen if lead plates were not used. As the lead plates were 
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malleable they rapidly became deformed and were exchanged frequently. 

Small plastic bags~-''baggies''--were placed in the vise and 
behind the lead plates encompassing the specimen to be fractured. The 
mouth of the bags were left open so they would in no way interfere with 
the normal fracture process. When specimens were impacted and the glass 
shattered, all the segments were contained by the plastic bags. 

_ Before the specimens were fractured they were assigned 
their respective experiment numbers (see list of experiments). Since each 
experiment was duplicated five times, a number between 1 and 5 was as-~ 
Signed to indicate the run number of a particular specimen in a given 
experiment. After the specimen was impacted it was removed from the vise 
in its plactic bag and placed in a small meat tray. The meat trays were 
catalogued in the upper left-hand corner with a pen. After the speci- 
mens were impacted and catalogued the resulting fracture features were 


coded in |.B.M. cards for statistical manipulations. 


D. Coding Variables 


Considerable care was taken to develop a theoretical frame- 
work which could be used to link the attribute classes listed in Appen- 
dix Il. A fracture dynamic model is developed in Chapter V which pro- 
vides a framework for the classes selected, as well as class definitions. 
The questions can legitimately be raised as to how and why particular 
classes were selected within the chosen theoretical framework. The se- 
lection of classes is somewhat but not totally arbitrary. Obviously a 
very large number of possible classes could be selected for coding. How- 


ever, classes were developed in reference to morphological features which 
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occur on the impacted specimens. Three major factors influenced the 
selection of attribute classes: (1) some familiarity with engineering 
and glass technology literature; (2) five years of practical experi- 
ence in making as and observing their morphological features, and 
(3) the occurrence of new morphological features which were produced 
by the dynamic loading machine (S.S.1.) which had not been previously 
observed. 

Each class of variables is scaled. The criteria used in the 
selection of scales was simply convenience and utility. Essentially 
two kinds of scales are used: binominal scales are used to indicate 
the Reatenke or absence of features, whereas when more divisions were 
believed to be necessary or to be significant, rank scales are used. 

‘The variable code is structured into three major units: 
(1) control information, (I!) input variables and (II!) output vari- 
ables. Columns 1~-5 on both cards 1 and 2 are used to record con- 
trol information. Experiment numbers are entered in columns 1--3, while 
column 4 is where the run number of a given experiment is entered. 
Card numbers are recorded in column 5. Input variables are listed in 
columns 6--10 on card number 1. Output variables are entered in columns 
10--80 on card 1 and in columns 6--10 on card 2. By following the pro- 
cedure of recording both the input and output variables on the same set 
of computer cards, correlation Studies can be made between input and out- 


put variables, which is one of the major objectives of the present study. 
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CHAPTER V 
FRACTURE DYNAMICS 


A. Introduction 

The proposition has been advanced that technology products 
Or material culture items are created as a consequence of an interac- 
tion which occurs between cognition, behavior and material. Consequent- 
ly in attempting to explain material culture, it is necessary to be both 
well versed in cognition theory as well as the theory of materials. The 
purpose of this chapter is to synthesize some of the major theoretical 
constructs which have relevance for explaining fracture dynamics ? gener- 
al, as well as the fracture features which were exper imental ly produced. 
The chapter has been divided into sections in attempting to fulfill 
these objectives. 

In Section C an attempt is made to exis 1ECNER) che theoreti- 
cal constructs and auxiliary principles which can be used to explain frac- 
ture processes in stone tool production. In Section D, the morphologi- 
cal features experimentally produced (see Appendix II), as well as se- 
veral fundamental kinds of fracture features which were not produced 
in the present experiments but are critical for an understanding of 
lithic technology, are explained in light of the theoretical propositions 
advanced in Section C. 


A large body of literature has developed which pertains to 
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fracture in such diverse fields as mechanical engineering, rock me- 
chanics, glass technology and metallurgy. Major theoretical differ- 
ences exist between disciplines, and little effort has been devoted to 
resolving these discrepancies. Considerable difficulty was encountered 
in evaluating this literature, as many of the arguments are framed in 
mathematical and statistical terms. Arguments are evaluated in terms 
of whether or not they explained the phenomenon encountered during the 
course of this study. Ideas are presented without citing the mathema- 
tical formulae to which they relate. In short, the strategy opted for 
in the present Chapter has been to provide a broad, general overview of 
some of the major available ideas which can be used to explain fracture 
features produced by lithic artisans, as it is felt that the same set 
of ideas can be used to explain rock and glass failure (cf. Bieniawsky 


1966:1-27). 


B. Literature Review 

Three studies have recently appeared in the archaeological 
literature concerning the theory and principles which govern fracture 
morphology. Kerkhof, Freiburg and Muller-Beck (1969) were the first to 
postulate that the mechanisms controlling Hertzian fracture and result- 
ing fracture features in the stone worker's debris exhibit similar mor- 
phological landmarks and, therefore, must be related. The Hertzian cone 
concept will be developed later in the Chapter. 

Speth (1972) reported on the mechanical basis of percussion 
flaking in American Antiquity. Subsequently, Faulkner (1972), in his 


Ph.D. dissertation, Mechanical Principles of Flintworking, directed a 


number of valid criticisms at Speth's study which need not be reviewed 
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in detail here. As Faulkner correctly pointed out, Speth's work is non- 
Ea hahecie and he encountered difficulties as he lacked firsthand 
familiarity with the data he was attempting to explain. Nevertheless, 
Speth's article is an important pioneer effort, as he introduces for 

the first time ideas concerning wave mechanics and provides an excel- 
lent bibliography. 

Faulkner's (1972) study is largely devoted to synthesizing 
major (hes test principles and concepts and types of analysis currently 
available in engineering disciplines which can be used in the analysis 
of brittle Fratkenree Simulation experiments of Meso-American blade 
manufacture were erie inet in polarized light, using the principles of 
photo-elasticity to determine the intensity and direction of stress. 
Fracture and resulting morphological features of the replicated Meso- 
American blades are explained in light of Poncelet's theory of fracture. 
As will be seen, exception is taken to Faulkner's use of Poncelet's 
theory, nevertheless, his study is a much needed basic contribution 
which articulates a number of fundamental concepts relevant to fracture 


dynamics which occur nowhere else in the archaeological literature. 


Cx Fracture Theories 


1. Background Information 


Before proceeding to the task of outlining the major theore- 
tical orientations, it will be expedient first to define more specifi- 
cally the kind of problem under consideration. A distinction is com- 
monly made in material science between static and dynamic loading. If 


force is applied to a solid over a relatively long period of time it is 


said to be statically loaded. Dynamic loading occurs when force is rapid~ 
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ly transmitted to the surface of the material. Examples normally 
given of etn ae loading are when force is induced by impact or explo- 
sion (Rinehart 1966:547). Instantaneous impulsive loading can be a- 
chieved by pressure, as’ is demonstrated by Crabtree's (1968) high speed 
photographic experiments in which the initial detachment of an obsi- 
dian blade took only 1/1,200 of a second. Emphasizing the difference 
in loading rate, Speth (1972) suggests that percussion and pressure 
flaking are fundamentally different. Faulkner (1972) has pointed out 
that the same fundamental processes underlie both pressure and percus- 
sion flaking. The rationale for this suggestion is based on the fact 
ee flakes produced by both pressure and Aer Se A exhibit the same 
kinds of morphological features. 

The materials most commonly used for stone tools are brittle 
solids. As Mott (1967:23) indicates, there are two major classes of 
solids: crystalline and amorphous. The basic difference between these 
two classes of materials is in the way their atoms are arranged. Amor- 
~ phous materials used in tool making, such as obsidian, are isotropic, 
and have ''. . . the same properties in all directions .. .'"' (Dictionary 
of Geological Terms 1962:266), and do have well defined structural ar- 
rangements. Crystalline materials which have different properties in 
different Wecebione are called anistropic (Dictionary of Geological 
Terms 1962:17). Some flaked stone implements are made from anisotro- 
pic materials such as quartzites that have discontinuities, ee bed- 
ding planes, that cause physical properties to vary in different direc- 
tions. Al enouan such bedding planes influence the nature of fracture, 


nevertheless, the same body of theory can be used to explain fracture 
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Figure 4 Fracture Models 
A. Shear Fracture Block Diagram; 
B. Tensile Fracture Block Diagram (after P. J. Syme Gash 


1971: 364) 
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features in both isotropic and anisotropic materials. 


2. Material Failure 

When brittle solids such as glass are subjected to dynamic 
loads greater than their strength can withstand, failure occurs as the 
material does not stretch. Shand (1959), Rinehart (1966) and Gash (1971) 
indicate that there are two common ways in which materials fail. These 
are known as tensile and shear failure (refer to Figure 4). In shear 
failure, particle motion is directed from the opposite directions, so 
that particles may be pushed past one another, resulting in a shear frac- 
ture. In tensile failure particle motion is also directed from two op- 
posite directions; however, in this case the particles are pulled apart. 

SHOE ioeHs have much greater resistance to compressive stress 
than pemerie stress. Aboriginal innovators undoubtedly found the means 
of inducing tensile stresses to overcome the forces of cohesion hold- 
ing the pape of brittle solids together much easier to master than the 
far greater compressive BeRenGtne Preston (1933:167) Aue this 
interpretation in a discussion on the causes of glass failure when he 
says, 

"it will be stated here categorically that 

glass fractures are always rips or tears, that 

is, tensile failures. Thus we need not normally 

interest ourselves in shear stresses or compres- 

sive stresses, because these do no damage of 

themselves.'' 

Rinehart (1966:537) fifou tis Ge aac hid the strength values ob- 


tained from strength tests made on rocks are not reproducible and con- 


sistent as the same tests are when applied to metals. It is possible, 
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but not particularly meaningful, to talk about the average strength 
of rock type. Rinehart cautions that average values of failure can be 
very misleading and that a large number of specimens should be failed to 
find the range of failure values. 
In a review article on "Strength Controlling Structures in 
Glass'', Ernsberg (1965:122) points out that the ultimate strength of 
glass is determined by inter-atomic structural bonds. However, the 
practical strength at which glass fails normal ly falls well below its 
predicted theoretical strength level. Several major theories (actually 
hypotheses) have been advanced for the purpose of explaining empirical 
observations made on glass failure behavior. The major empirical ob- 
servations include: 
‘1. The strength is lower than the theoretical 
estimates by a factor typically between 
100 and 1,000. 
2. Fractures always originate at the surface. 
Strength increases as the size of the area 


tested decreases. 


3. Strength increases as the size of the area 
decreases. 


4. Strengths observed on a series of 'identi- 


cal' samples are well scattered. Mean de- 
viations are typically 15--20 per cent. 


5. Strength increases with rate of stressing, 
that is, a static fatigue effect exists. 


6= ‘There ‘is ’a ‘threshold stress’: for'static ifa- 
tigue. 


7. Static fatigue disappears in vacuum, in dry 
gases, and at very low temperatures. 


8. Strength increases as fresh abrasions age. 
9. Dynamic fatigue is negligible. 


10. Strength goes through a broad minimum 
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at 100°--200° c." 


(Ernsberg 1965:123-124) 


3. The Griffith Crack Theory 

Several competing theoretical orientations currently exist 
which can be aged to explain the above empirical observations. Grif- 
fith's (1920) position is currently the most popular of the competing 
theories although, as Anderson (1959) indicates, it has undergone a 
number of second-order corrections. Even so, it is still widely ac- 
cepted in the fields of metallurgy, rock mechanics and glass bao 
for predicting the strength of materials. 

Faulkner has translated Griffith's mathematical presenta- 
tion into an iconic model which is followed here: 


"According to the Griffith strength theory, 
fracture is a spontaneous physical change from 
a state of high strain to a state of fracture. 
The thermodynamic requirements for such spon- 
taneous changes may be expressed conveniently 
in terms of the concept of free energy. Free. 
energy (in contrast with bound energy) is ener- 
gy which is available to do work without causing 
a decrease in temperature within the system 
from which it is derived. It is 'free' in the 
sense that in certain conditions it may be li- 
berated by the system without cooling it. 


The second law of thermodynamics requires 
that a spontaneous process must involve a con- 
tinuous decrease in the free energy of the sys- 
tem within which that process takes place . 

The Griffith strength theory deals primarily 
with the nature of the free energy change asso- 
ciated with the fracture process. Fracture in- 
volves the creation of free surfaces .. . (and) 
these surfaces are by nature regions of high 
potential energy. This surface energy, accord- 
ing to Griffith, is supplied by the strain energy 
stored in the elastic deformation of the materi- 
al. When this strain energy is released by 
fracture, some of it performs work against the 
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cohesive forces of the material in creating 
fracture surfaces, whereas the remainder may 
be expended in the kinetic energy of. the 
separating fragments. Thus free energy as- 
sociated with a crack at. any given stage in 


its extension is given by the relation: F = S-W, 


where F is the net free energy, S is the surface 
energy of the crack, and W is the total work 
done by the release of strain energy in the 
formation of the crack. Fracture can occur only 
by a process involving a continuous decrease in 
EB: 


As an example of the release of free energy 
in crack extension, consider a crack ina thin 
plate made of some isotropic brittle solid, as 
shown in Figure 5. The plate is stressed in 
uniaxial tension orthogonal to the fracture 
plane, in an attempt to widen and extend the 
crack. Because the fracture surfaces are widely 
separated, except at small regions in the 
vicinity of the crack tips, the attraction be- 
tween them is negligible, and they may be re- 
garded as free surfaces. As the crack is ex- 
tended, the shape of the crack tip remains ap- 
proximately the same, so that the tension-free 
surface area increases approximately in propor- 
tion to the length of the crack. Thus the sur- 
face energy involved in fracture propogation 
-iS proportional to the length of fracture. 


The strain energy released in the exten- 
sion of this elliptical crack is a rather com- 
plex function of the elastic properties of the 
material, the applied stress, and the length 
of the crack. Although derivation of that re- 
lationship is beyond scope of this discussion, 
the variation of strain energy with respect to 
crack length may be readily perceived. If in 
the extension of a crack, the only dimensional 
changes were in length, the release in strain 
energy would be approximately proportional to 
crack length. Actually, however, as a crack 
lengthens it also increases in width, thus re- 
leasing additional strain energy. Thus the 
effect of the change in crack length on release 
of strain energy is multiplied by a similar 
effect caused by the concommitant broadening 
of the crack. Therefore the change in strain 
energy per unit of crack length is continuously 
increased in crack extension, whereas the cor- 
responding change in surface energy is constant. 
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Subtracting strain energy from surface 
energy, Griffith obtained the expression for 
free energy in terms of crack length plotted 
in Figure 5. As illustrated, the initiation of 
a crack involves an increase in free energy, 
thus violating the Griffith criterion for frac- 
ture. Evidently the initial release of strain 
energy would be insufficient to account for the 
corresponding increase in surface area. There 
is a critical crack length, however, at which the 
Strain energy ''catches up'' with the surface 
energy; pre-existing flaws in excess of this 
length may be extended by a process involving a 
continuous decrease in free energy. Therefore, 
although the Griffith criterion does not allow 
the initiation of cracks by the fracture pro- 
cess, it does permit the extension of certain 
cracks already existing in the material. 


According to Griffith, the presence of 

microcracks greater than the critical length 

iS a necessary precondition of fracture. There- 

fore, in a freshly-formed solid which is micro- 

scopically flawless, these microcracks must be 

inherent in the structure of the material .. .'' 

(Faulkner 1972:61-67) 

Ernsberg (1965) indicates that now there is good evidence to indicate 
that most microcracks which exist on the surface of materials are in- 
duced by mechanical damage or microabrasion. Although considerable 
effort has been devoted to the task of isolating microcracks with 
the aid of the electron microscope in freshly-drawn glasses, attempts 
have failed. Ernsberg has suggested that the surfaces of the microcracks 
are essentially in contact with each other and no light can be scat- 
tered in such a structure, and replicating materials could not pene- 
trate them. 

Griffith originally postulated that microcracks are ran- 
domly distributed. However, until the mechanisms which underlie micro- 


cracking are isolated, the frontier of knowledge concerning the distri- 


bution of microcracks will remain speculative. 
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Free energy 


0, Critical Crack length 
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Figure 5 A. Elliptical Crack subjected to Tensile Failure; 


B. Variation of Free Energy with Crack Length (after Sih 
and Liebowitz, 1968). 
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4, The Poncelet Theory of Fracture 

Faulkner (1972:68-75) argues that Poncelet's theory of frac- 
ture is the one most important for lithic technologists, "'. . . for it 
provides a theoretical framework with which to interpret fracture mor- 
phology in glass and thus in other similar flint-working materials as 
well!’ (1972:68). 

Poncelet (1957 and 1958) views fracture as an atomistic 
process. Fracture is defined in terms of the probability that individual 
bonds will be broken in the solid. He argues that strength-controlling 
flaws are generated by the stress itself, through the biasing of ther- 
mal fluctuations of the stress field. Ernsberger states, 

"When this concept is given mathematical 

form by the methods of statistical mechanics 

(Poncelet (1951)), reasonable functional rela- 

tionships are derived for strength variability, 

static fatigue, crack propagation rate and size 

effect. 

It is hardly to be expected that this me- 

chanism can operate when ordinary mechanical- — 

damage cracks are present, but it is a possible 

explanation for the puzzling and contradictory 

behavior of damage-free glass."' 

(Ernsberger 1965:134) 
It cannot be overemphasized that the stone materials used by aboriginal 
man were not perfect, undamaged materials. There are a variety of 
natural processes which altered the surfaces of raw materials used 
for tool production. Processes such as thermal fluctuation, chemical 
alterations, and mechanical erosion such as stream rolling are but a few 
of the processes which have introduced cracks into material surface 


which would have affected the strength of materials used for stone tool 


manufacture. Gordon, Marsh and Parratt (1958) furthermore suggest 
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surface cracking may be associated with devitrification as micro-crystal 
growth takes place on glassy surfaces. 

F. W. Preston, in his classic paper, ''A Study of the Rupture 
of Glass'' (1926), conducted a series of experiments which have since 
been repeated a number of times. A bicycle ball bearing was simply 
pressed against a piece of glass, increasing the pressure until failure 
occurred (refer to Figure 6). He found that when the same ball was 
used on the same piece of glass failure eens under different loads. 
In fact, he categorically states, ''Rupture is not decided by any parti- 
Eular stress or strain level.'' 

Since Preston's original experiments a number of investi- 
gators have attempted to relate the depth of the fracture origin flaw 
to the stress necessary to induce failure by employing quantitative 
methods. Tsai and Kolsky (1967A), in an experimental study using elec- 
trical static testers, lowered steel balls with 1/32'' to 14'' radius at 
a uniform rate onto 6'' x 1'' square glass specimens. The standard devi- 
ation for small indenters was considerably in excess of the larger inden- 
ters (Figure 7A). 

Tsai and Kolsky (1967B) suggest the frequency of failure 
curve can also be applied to dynamic loading. Almost al] impactors, 
whether billets, hammerstones or punches, have a contact area of 1/8 or 
an inch or less with the specimen. Consequently, it can be anticipated 
that a wide range of stress levels may be necessary to remove a uniform 


set of flakes. 
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Cone Flow formed by a Steel Ball pressed on Glass; 
Part of same enlarged (after F. W. Preston 1926:236) ; 


Diagrammatic representation of Molecular movement when 
Fracture occurs. The dotted circles represent positions 
of Molecules before separation commences (after Murgatroyd 


1942:158). 
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Frequency of Failure Curve for Dynamic Loading (after 
Tsai and Kolsky  1967A); 


Reflection of P and S Waves (after P. J. Syme Gash 
1971:365). 
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5. Wave Mechanics 

When fracture is induced by rapid pressure, dynamic loading 
or by explosion, stress waves will be produced. When the bonds are 
broken between particles in elastic solids the particles undergo displace- 
ment as the strain energy is released. The particles acquire a certain 
kinetic energy due to this motion which is partially dissipated in the 
form of elastic waves (Faulkner 1972:77). There are two kinds of 
waves known as body waves and surface waves. The body waves are named 
P and S waves. P waves are primary waves which are compressed as each 
particle moves to and fro in the direction of propagation. In S or 
''shake waves'', also known as transverse or shear waves, particle mo- 
tion is at right angles to the direction of propagation (Holmes 1965: 
Bis coy). 

P and S waves travel at different speeds because they de- 
pend on different material properties. The velocity of P waves depends 
on density and compressibility; that is, resistance to compression, where- 
as the speed of S waves depends on density and rigidity, or in other 
words, resistance to distortion or shearing. As a general rule P waves 
travel about 1.7 times the speed of S waves. Shand (1954:57) cites 
Schardin, Elle and Struth, who have indicated that in dynamic impacts 
on plate glass, longitudinal waves move outward from the point of impact 
at a velocity of 18,000 feet per second. In the meantime, transverse 
waves are moving at a considerably lower velocity of 10,000 to 12,000 
feet per second. Feder (1956:109) recorded longitudinal waves with a 
wave length of 29 inches and transverse wave lengths of 13.2 inches in 
glass. 


Surface waves are known as Raleigh or Love L waves. They 
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were recorded by Tsai and Kolsky (1967B:264) travelling over impacted 
surfaces at the velocity of 3,000 m/second. It is doubtful if Raleigh 
waves much affect fracture propagation as their effect rapidly diminishes 
with depth. 

Gash advances the proposition that stress waves are emitted 
not only from the initial shock, but also from the running fracture. It 
is thought that the passage of these waves results in the formation of 
microcracks. He states, 

"it is proposed that the initial failure 

emits a stress pulse which initiates microfrac- 

tures, thus forming a plane of weakness which in 

turn determines the further development of the 

main fracture. The orientation of the micro- 

fractures determines the resulting fracture 

surface appearance."! 

(Gash 1971:362) 
He goes on to develop a detailed analysis of stress waves in order to 
predict the geometry of microfracture. For purposes here it will not 
be necessary to become involved with Gash's predictive methods. 

Tensile fracture (refer to Figure SA) results in the emis- 
sion of two compressive waves at right angles to the fracture. When 
these waves arrive at a surface they will either be reflected or re- 
fracted. If the surface is bounded, that is, against another surface, 
the portion of stress reflected at the interface depends on the density 
(P) and the wave velocity (V) of each medium. When an incident P wave 
impinges on a free surface at an angle of incidence greater than 0° 
both a P and S wave will be reflected (Gash 1971:366). The angle of 


reflection of P and S waves can be predicted by formulae but this pro- 


cedure will not be applied in the present study. Rinehart (1960) has 
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developed several alternative models for the form of wave fronts. It 
seems likely that these models are not particularly applicable to lithic 
technology as the wave front is likely to change shape during its 

course due to irregularities in material. Gash, following Schardin 
(1950), presents a model of a reflecting spherical wave front (see Fi- 
gure 7B). 

The interaction of incident and reflected waves is thought 
to induce tensile microfracturing. Figure 8A shows an advancing compres- 
sive pulse with a reflected tensile pulse in it's wake. The zone of in- 
tersecting compressive and tensile stress is labeled C-T and the zone of 
intersecting tensile stress is denoted by the symbols T-T. (The above 
model was constructed for a pulse duration = 0.3 separation of reflec- 
tors (t)/P - wave velocity (V) (sec.). As can readily be seen, this 
kind of model provides a mechanism for the concentration of tensile 
stresses between two free surfaces. 

In summary, it can readily be seen that the morphology of 
a particular specimen, in conjunction with the kind of holding posi- 
tion used by the tool maker, will determine how stress waves are re- 


flected. 


6. Speed of Fracture Propagation 
Barstow and Edgerton (1939) and Edgerton and Barstow (1941) 


were the first to investigate the interaction between fracture velocity 
and wave propagation through the use of high-speed photography. In 
their 1939 study they reported that fracture has an average maximum 
constant velocity of 5,040 feet per second. Subsequent workers have 


investigated the controlling factors which limit velocity. Schardin 
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Reflecting surface. 
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An advancing Compressive Pulse with a reflected Tensile 
Pulse in its wake. C-T = Zone of intersecting Compres- 
sive and Tensile stresses. T-T = Zone of intersecting 
Tensile stresses. Constructed for Pulse Duration = 0.3 
separation of reflectors (t)/P-wave velocity (V_) (after 
P. J. Syme Gash 1971:370); P 


A complete series of Multiple-Spark photographs showing 
Fracture Velocity (after H. Schardin 1950:305). 
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(1959: 303-305) notes that glasses exhibit a constant fracture velocity 
independent of temperature and stress (refer to Figure 8B) where fracture 
velocities are plotted as a function of distance. At first the elastic 
energy released by the propagating fracture is not sufficient to main- 
tain the fracture. Energy must be added by heat energy. The time re- 
quired for this process results in a low fracture velocity. Subsequent- 
aly when elastic energy is able to maintain the fracture, thermal ef- 
fects are insignficant. eIser ey plat aae increase up to a limit 
where a constant fracture velocity is achieved in ideal brittle materials. 

The maximum fracture velocity depends upon the properties 
of the material. Schardin (1959) proposes that freceure velocity must 
be considered in light of the following kinds of energies: surface, 
kinetic, elastic and plastic. He suggests fracture velocity can be de- 
termined by Vf = f(T, P, E, U, X) where Vf = fracture velocity (m/sec), 
P = density (g/cm.°), E = Young's Modulus, U = Poisson's ratio, and X 
indicates the residual plastic energy in the material which is not re- 
presented by any of the other values. 

In percussion flaking lithic artisans use a conservation of 
energy approach. In other words, if one does not strike a core hard 
enough a flake may not be detached; therefore, the next blow will be 
a little bit harder and this process is repeated until fracture is ini- 
tiated. During early blows, before : desired flake is detached, it 
seems likely that due to reflected waves, in some cases internal ten- 
sile microfracturing may occur, weakening the strength of the material. 
No attempt has been made to quantify this problem in the present study. 
Rather, emphasis is placed on explaining the distinct, clear-cut morpho- 


logical features which can be classified. 
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D. . Fracture Morphology 


The fracture features recorded in the output variables in 
Chapter IV will now be defined in relationship tothe foregoing fracture 
theories. During the coding operation it was discovered that there are 
a number of different kinds of mechanisms which bring about material 
failure and all are relevant to the present experiments. The typology 
of fracture features which follows uses the origin of failure for se- 
parating the major classes. Included are: (1) fractures adjacent to the 
impact, (2) conoid fracture reversals, (3) fracture by flexure, (4) in- 
ternal flaws, (5) spalling and (6) vise induced failures. There are two 
kinds of fracture features which were critical in the assignment of 
the experimental specimens to the above classes. Hackles and ribs (to 
be defined in detail shortly) are orientation features which can be used 
to determine propagation direction and origin. 

The above classes of mechanisms are not of equal importance 
in terms of tool making. Fractures adjacent to impact area are by far 
of the greatest significance for understanding tool making. Certainly 
classes 3, 4 and 5 occurred in aboriginal situations but were generally 
produced by accident rather than by design. Consequently, much more 


emphasis has been placed on defining features in class 1. 


1. Failure Adjacent to Impact 


Several investigators have noted that different kinds of 
fracture morphologies associated with the phenomenon known as Hertzian 
Cone are created at distinct different stress levels, but little sys- 


tematic investigation has been devoted to outlining the sequence of 
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events which led to the production of typologically distinct fracture 
features. Many of the classic fracture experiments on glass were con- 
ducted by dropping or pressing steel balls onto the surface of square 
glass plates. These experiments are useful for our present purposes, 
as the dynamic loading machine is also based on the principle of a ver- 
tical drop. Here an attempt is made to describe the sequence of distin- 
guishable morphological features which result from a vertical drop. 
a. The Hertzian Cone 

i. Ring Cracks 

Auerback (1891) was the first to note the occurrence of 
ring crack. Subsequent investigators--Preston (1926) and Frank and 
Lawn (1967) have noted that fracture is initiated in the immediate 
vicinity of the edge of the circular contact in a zone of maximum ten- 
sile stress. Both Preston (1939:419) and McKenna (1961:61) indicate that 
fracture propagates at right angles to the plane of maximum tension. 
The experimental work of Frank and Lawn (1967) demonstrates that the 
edge of the impact area and the impactor are not coincident and the ring 
crack swings wide on the curves. The physical causes of this phenomenon 
are unclear. 

A number of ring cracks in Werstvore stages of formation were 
produced experimentally during the course of the study. In Plate 3 
several different stages of ring crack formation are illustrated: 
A. is a quarter ring crack; B. is a 3/4 ring crack; C. illustrates two 
ring cracks which were started on opposite sides of the impactor when 
a single blow was delivered to the specimen; and D. exemplifies a double 


rink crack. For coding purposes these fractures are designated as 
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Plate 3 


Ring Crack Types: 

A. Quarter Ring Crack; 

B. 3/4 Ring Crack; 

C. Independent Ring Cracks initiated from opposite sides of 
Impactor 

D. Primary and Secondary Ring Cracks 
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primary and secondary ring cracks in view of the order in which they 
were created. After the Hinge aa penetrates the surface it expands 
radially to form a cone. | 

ii. The Cone 

Hertz, in 1882, was the first to study the stress distri- 
bution of the contact area between two spheres. Imagine the stress 
distribution pattern of glass as illustrated in Figures 6A and 6B. 

The radial stresses redistribute themselves a the circular fracture 
penetrates into the material as a diverging cone. Several investiga- 
tors, e.g., Tsai and Kolsky (1967A), Faulkner (1972A), indicate that cones 
only penetrate into the body of the material for short distances, gener- 
ally not more than three inches when they are dynamically loaded. A 
plausible explanation for this phenomena is that elastic waves inter- 
fere with the propagation of conical fractures. An advancing circular 
fracture front would generate incident waves from opposite sides of the 
cirele. These waves would be in opposition to each other, which would 
tend to alter the course of the advancing fracture front. Note the ribs 
on the positive cone in Plates 4A and 4B and the negative cone in Plate 
5A, wherein the advancing fracture front was constantly adjusting it- 
self to a changing Merce field. 

The experimental work of Tsai and Kolsky (1967A) indicates 
cone penetration is related to impact velocity. In other words, the 
largest cones were produced at relatively high impact velocities. As 
the impact velocity is ie easeNe the radius of contact is increased as 
compared to when the primary ring crack was first formed. A second ring 


crack forms which is the beginning of a second, larger Hertzian cone. 
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Plate 4 Obsidian Hertzian Cone: 
A. Plan View; 
B. Profile View 
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Plate 5 


A. 


B. 


Negative Cone Shell for 
LA and 4B; 
Quartzite Half Cone 


specimen illustrated in Plates 
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| have observed Hertzian half cones are formed by striking 
a vertical blow near the edge of a rectangular specimen such as is il- 
lustrated in Plate 5B. If the cone is not removed from the parent block 
of material, such as is illustrated in Plate 6A, an incipient cone and 
negative cone segments may be created. 


til Sees 


Gash (1971:351-351) indicates rib markings (previously men- 
tioned in connection with Hertzian cones) ae semi-circular or arcuate 
ridges which are concave to the origin of the main fracture. Hence, 
this feature indicates the direction of fracture propagation. Rib mark- 
ings can be subdivided according to geometrical structures into two types. 
Generally, near the point of impact arcuate or completely semi-circular 
continuous ridges occur which are concentric to the origin of fracture 
(Figure 9A). Farther away from the fracture origin arcs occur that are 
concave but not concentric to the origin of fracture (Figure 9B). 

Ribs of this type normally mark a change in the plane of the main frac- 
ture. The works of Gash (1971), Kolsky (1963, 1968), Rinehart (1960, 
1964) provide a framework for explaining transverse waves which are 
undoubtably a critical element in the formation of ribs. When the 
transverse waves when start with the fracture front are reflected back 
from free or unbounded surfaces they may interfere with the fracture 
front slightly, perhaps alternating the direction of the front thereby 
creating ribs (refer to Figure 6B). 

Murgatroyd (1942:157) presents an alternative but less plaus- 
ible hypothesis for explaining ribs as he did not consider the problem 


of reflected elastic waves. Moving fracture fronts reach rest points, 
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Plate 6 


A. 
D. 


Incipient Half Cone and Negative Cone Segments; 
Hackle on Dorsal Face of Flake along Lateral Boundary of 
Flake Scar 
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Figure 9 


. Concave Ribs 
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A. Concentric Ribs; 

B 

(illustration after Crabreee 1972A:45) 
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resulting in rib marks as strain is released ahead of the advancing 
fracture and stoppage occurs until force builds up again. He suggests 
fracture arrest is due to molecular rearrangement under the Van der 
Waal's force. This occurs when a pair of molecules at the extended 
tip of the fracture are gradually pulled apart by force (refer to 
Figure 6B). After they move a certain distance apart they no longer at- 
tract each other and two fracture faces will be formed. The new surface 
molecules will proceed toward the mass of molecules behind until they 
are in equilibrium. Before they come to rest their oscillation will 
send a series of stress pulses through the adjacent material. Assuming 
that fracture arrests which create rib marks are due to molecular re- 
arrangement under the Van der Waal's force, it would be possible to 
apply a large enough stress so that molecular force did not oppose 
the fracture enough to arrest it sufficiently. Thus slow fractures 
would show rib marks but fractures with great velocities would not. 
On the other hand, a smooth fracture may be indicative of an applied 
force which did not change direction. 

iv. Hackle Marks 

Gash synthesized much of the information which has been 
published pertaining to hackle marks which has developed from indepen- 
dent viewpoints in the fields of geology, metallurgy, mechanical engin- 
eering and glass technology. Hackle marks ''. . . are curved stria-~ 
tions consisting of grooves and ridges which are generally discontinu- 
ous'' (1971:352). They frequently occur on metal, rocks and glass. Of 
interest is the fact that the direction of fracture propagation is nor- 


mally indicated by hackle marks spreading or fanning outwards from the 
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point of impact. The two distinctive kinds of hackle marks are charac- 
terized by their geometrical structure: (1) in plume structures the 
hackle striations fan outward from a common origin; (2) in chevron 
structures (or herringbone structures) the hackle striations are of 
constant geometry and angle with one another and lack a common origin. 

Hackle marks which occur on archaeological specimens most 
closely resemble the chevron type hackle (Figure 10A). However, hackles 
On stone implements only conform to the model in Figure 10A in that they 
exhibit hackles in the fringe area. The center ridge of the flake 
illustrated in Plate 6B is the former lateral boundary of a previous 
flake which is characterized by hackle marks. In addition, hackle 
marks on archaeological specimens, like glass (see Meee 1942:165), 
can be seen indie Eero rib marks and at right angles to them. They 
also commonly occur adjacent to the bulb of force, as illustrated in 
Plates 7A and 7B. Hackles are independent fractures which occur inside 
the glass and influence the course of the main fracture that is ini- 
tiated from the surface. Murgatroyd suggests the main fracture moves 
forward through a series of hackle surfaces which influence its inclina- 
tion. . 

Shand (1954:58), in Serneai eG the work of Gurney et al., 
indicates the rate of fracture propagation is a function of the stresses 
surrounding the crack tip and its velocity. The velocity of the spread- 
ing crack will increase rapidly with stress. As the crack reaches its 
limiting velocity, the fracture is accompanied by an energy-consuming 
phenomenon--hackle formation. In glass, when fracture is initiated the 


fracture advances in a flat, smooth plane known as a ''mirror surface'' 
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Plate 7 A. Hackle marks adjacent to bulb; 
B. Hackle marks below fractured bulbar area. 
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until the limiting velocity of the fracture is reached. At this transi- 
tion point an increasing roughness is found which has the appearance of 
stippling (Plates 7A and 7B). Gash (1971) suggests the mechanism res- 
ponsible for hackle formation is incident and reflected stress waves. 

v. Radial Fracture of Hertzian Cone 

A number of investigators have noted that high velocity 
impacts may result inte tension zone inside the compressed cone area 
which ultimately fails, creating radial cracks (Kirkhof and Mul lerbeck 
1969; Tsai and Kolsky 1967B; Frechette and Cline 1969; and Stong 1970). 
The mechanism which is probably responsible for the tension zone inside 
the cone is the interaction of incident and reflected P and S waves in 
bie cone area. However, it should be noted that Bowden and Field 
(1964:351-352) suggest that to explain radial fracturing the interaction 
of reflected stress waves with Raleigh surface waves, produced by high 
velocity impacts, must also be taken into consideration. ‘Shand (1954: 
57), in reviewing the work of Schardin, Elle and Struth, furthermore 
indicates that radially extending cracks are actuated by transverse 
elastic waves. 

Frechette and Cline (1969), who conducted ballistics tests 
on ceramic panels and Stone (1970), who fractured light bulbs in a high 
school science project, noted a similar kind of regularity in fracture. 
When specimens are subjected to high velocity impacts, distinctly dif- 
ferent fracture patterns occur in a definite sequential order. The 
conical Hertzian type of fracture precedes the radial fracture, but once 
the radial crack is initiated it may pass or outrun the conical fracture. 


The combination of both radial and conical fracturing is 
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illustrated in Plate 8. The pieces of the fractured cones segmented 

by radial fracture Be here termed cone segments (Plate 8B). Sometimes 
the negative cone area is shattered by radial fracturing. These seg- 
ments are called negative cone segments (Plate 8A). In the actual tool 
making process it is not uncommon to create negative cone segments with- 
out fracturing the cone. 

Aboriginal tool makers clearly understood how to initiate 
both conical and radial fractdrest Bipolar fracture is an example of 
the use of high velocity impacts to generate only radial fractures. 

The use of a polar anvil results in internal concentration of stress. 
In Chapter I! mention was made of the fact that Crabtree (1972A) has 
noted bipolar failure results in the production of at least two distinct 
kinds of morphological features. As an example of this problem let us 
consider two elongated pebbles, one with an ovoid cross-section and 
one with a circular cross-section (Plates 9A and 9B). When bipolar 
failure is induced as in Plates 9A and 9B, a failure occurs across the 
longest of the two cross-sectional axes. The underlying mechanism res- 
ponsible for this kind of failure are elastic waves reflected back 
from the lateral edges sooner than the longitudinal edges. When these 
reflected waves eonverge from the lateral edges they create a tension 
zone where failure occurs. A similar model can be used to explain the 
"orange section effect'' (cf. Crabtree 1972) depicted in Plates 9C and 
9D; only in this case since the cross-section is circular, the reflected 
waves will arrive back at approximately the same time, concentrating 
in several tensile zones. 

b. Flakes 


Several investigators have considered the relationship be- 
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Plate 8 Radial and Conical Fracturing 
A. Negative Cone Segments; 
B. Cone Segments Produced by Radial Fracturing. 
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Plate 9 


A. Profile View Bipolar Splitting; 

B. Plan View Bipolar Splitting; 

C. Profile View of Bipolar Splitting Resulting in Orange- 
Shaped Sections; 

D. Plan View of Bipolar Splitting Resulting in Orange- 
Shaped Sections 
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tween flakes and the Hertzian cone fracture; Kerkhof and Muller-Beck 
(1969), Speth (1972) and Faulkner (1972). Faulkner's photoelastic ex- 
periments showing stress distribution involved in blade production are 
quite instructive. In a series of comparative experiments, a copper 
pressure flaker was used to produce isochromatic patterns which reflect 
stress disbribution in an epoxy specimen at increasing distances from 
the edge. These experiments clearly illustrate that there are quali- 
tative differences in stress patterns which are a function of the dis- 
tance from the edge in which force is applied. Thus the Hertzian cone 
and flake formation are related but cannot be analyzed by the mathema- 
tics of the Hertzian fracture as was attempted by Speth (Faulkner 1972: 
114-115). 

Crabtree ‘(1968:478) concluded that the angle at which 
pressure is applied to a cone is a critical factor in determining the 
path a blade will take. Crabtree produces blades by using a downward 
and outward pressure. Faulkner (1972A: 109-112) experimentally tested 
this proposition. He reasoned motor behavior should be accompanied by 
a redistribution of stress in the core. Specimens were placed ina 
strain frame and loaded at several different angles. Nearly identical 
stress patterns Were produced in all cases. The precise location of the 
pressure tool relative to thecorner of the specimen had a much greater 
effect on the stress pattern than did the angle of the incident applied 
force. Unfortunately, this static test is not applicable as there is 
no indication of how stress is redistributed when the fracture is ini- 
tiated. Hence, speaking as a tool maker, it is my opinion that the 


angle of force application is undoubtedly important. 
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i. Platforms 

The platform is the area to which the force load is deli- 
vered. When the impactor strikes the specimen it may sometimes skid, 
creating scratches and microcracks before failure is initiated. Gener- 
ally only stone impactors would be expected to produce micro-scratches 
(cf. Semenov 1971). 

bi eps, 

Flakes and blades, like Hertzian cones, are initiated at 
the surface of the impacted material adjacent to the loading area by 
tensile failure. In some cases a partial ring crack is formed which 
occurs as a lip (Plate 10A) on the ventral surface of the flake, and is 


perpendicular to the platform (cf. Speth 1972:38). 


ivi. The Zonal Relationships on the Ventral Surface of 
Flakes, e.g., Bulbs and Distal Ends 


The mechanical processes responsible for flake and cone mor- 
phology can be explained in view of the principles previously discussed. 
The positive fracture surfaces on flakes or the negative surfaces which 
occur on cores can be viewed as a set of zonal stress relationships (re- 
fer to Plate 11). When producing flakes or blades by percussion or with 
a punch it is necessary to apply stress at an oblique angle to the sur- 
face from which the flake or blade is to be removed. In zone 1, prior 
to failure an asymmetrical Hertzian cone will be formed (Faulkner 1972). 
Once failure is initiated the radial stress is applied only to the proxi- 
mal end of the flake, a situation which results in a redistribution of 
the stress field. It seems likely that the oblique angle at which stress 
is applied will be significant in terms of the angle at which the elastic 


waves are reflected from the dorsal surface of the flake, an angle which 
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Plate 10 A. Quartzite Core and Flake Illustrating Lip Adjacent to 


Loading Area on Platform; 
B. D-shaped Eraillure Flake and 
C. Eraillure Flake Scar. 
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Plate 11 Zonal Relationships of Blade and Core 
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will be significant in terms of the angle at which the elastic waves 
are reflected from the dorsal surface of the flake, an angle which is 
in effect the direction of the advancing fracture front to form the 
bulb of force--zone 2. If the impactor carries through it may result 
in micro-flaking and platform crushing, as illustrated in Plate 12C. 

As the stress field is redistributed the fracture front 
straightens out and forms a relatively flat surface called zone 3. 
This surface is normally parallel to the exterior surface--even if the 
exterior surface is curved. Hackle and rib marks previously described 
commonly occur on this surface along one or both lateral edges. Their 
distribution is undoubtedly related to the morphology of the dorsal 
face of the flake which controls wave reflection angles. 

The advancing fracture front maintains a right angle to the 
principle field of tension. As the fracture front moves into zone 4, 
which is near the bottom surface, stress waves reflected from the bot- 
tom of the material may interfere with the course of the advancing frac- 
ture and cause it to change direction. Exactly which course the crack 
takes is to a large extent determined by the fracture velocity. Slow 
fractures may turn toward the front or dorsal face, forming hinge frac- 
tures (Figure 11C), or they may turn toward the ventral side of the pa- 
rent material, creating what is sometimes called a reverse hinge frac- 
ture (Figure 11D). Wyckoff (1969) and Tixier (1963) have named biface 
thinning flakes which exhibit this characteristic as outrépassé, mean- 
ing over and beyond the far edge (Plates 16A and 16B). On the other 
hand, the fracture may turn sharply in either direction. If the flake 
or blade is relatively thin at the distal end when this process occurs, 


it is said to feather out (Figure 11A). When the distal ends of flakes 
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Plate 12 A. Diverging Ridges on Dorsal Face Which Affect the Outline 


Form of Flakes; 
B. Flake Outline Affected by Curved Center Ridge; 
C. Platform Crushing and Micro-flaking 
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are jagged and irregular (Figure 11E), it is a good indication they 
were in contact with another substance when the flake was detached. 
Flakes broken transversely across the distal end are called step flakes 
(Figure 11B). 

Actually, there are a continuous number of angles between 
hinges and reverse hinges at which flakes terminate. It is not diffi- 
cult to imagine, in view of this phenomenon, how flakes can acquire cur- 
vature when their distal ends continually curve towards the ventral side 
of the fracture face. Each succeeding flake will then begin to curve 
a little bit sooner than the preceding flake in this extractive process. 

iv. Eraillures 

Faulkner (1972B), in an unpublished paper presented to the 
30th Plains Conference in archaeology, attempts to explain the occur- 
rence of D-shaped eraillures (Plate 10B). They are normally associated 
with bulbs of force which are characterized by hackle marks that fan 
back toward the direction of impact. Eraillures are initiated from 
these hackle marks. The cone side of eraillure flakes are mirror-smooth, 
however, the flake side is characterized by rib marks which abut’ into 
the segment of hackle mark from which initiation occurred. The exact 
mechanism which causes failure to be initiated from the hackle mark is 
not clear. 

v. Factors Affecting Flake Shape 

The outline shape flakes acquire during fracture is to a 
large extent, but not totally, controlled by the morphology of the face 
which parallels the fracture. If, for example, fracture is induced from 


behind a ridge, as is the case in blade production, the ridge guides 
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\ 
the advancing fracture. As the stress waves are reflected from the 
two intersecting free boundaries of the ridge, a tension field is 
created directly behind the ridge which facilitated fracture. If the 
intersecting surfaces converge, as is the case on some flakes (Plate 12A), 
the outline of the flake will also reflect this phenomenon, or converse- 
ly, if the ridge curves as in Plate 12B, so will the outline of the flake. 
It is through the use of ridges that tool makers control the shape of 
flakes and blades. Now it might be assumed that a perfectly flat sur- 
face would result in the formation of a symmetrical, circular flake. 
However, this is not always the case. Since Giffith cracks are some- 
what randomly distributed, failure may begin closer to the dorsal face 
On One ‘edge of the striking platform than the other, resulting in asym- 


metrically shaped flakes. 


2. Conoid Fracture Reversals 

Conoid fracture reversal is a special type ee eScture me- 
chanism associated with Hertzian cones and half cones. When high velo- 
city conoid fractures arrive at the bottom free surface opposite the 
point of imoaet at approximately a 45° angle, they behave in much the 
same way as do waves when they are reflected. The fracture front re- 
verses its direction into one or a series of radial branches which may 
result in the segmentation of the cone as well as the rest of the spe- 
cimen. The fact that conoid reverse fractures are initiated from the 
distal surface is indicated by rib and hackle marks which point back 
to the point of fracture origin (Plates 13A and 13B). In Plate 13 a 
half cone conoid reverse fracture is illustrated. In Plate 13B the 


cross section of the left hand fracture of 13A is illustrated. 
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Plate 13 A Half Cone and Conoid Reverse Radial Fracture: 
A. Plan View of Fracture; 
B. Cross-Section of Left Hand Fracture in A. 
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Previously, Bonnichsen (1968) reported biface thinning 
flakes which were purposefully broken into triangular segments in abori- 
ginal times for the purpose of producing flake geometrics. Geometric 
specimens can be consistently produced by initiating conoid fracture 
reversals. In view of the fact that cones are rarely penetrated into 
the meee of the material more than 2--3 inches, conoid reverse radial 
fracture can only be easily induced on relatively thin specimens such 


as biface thinning flakes. 


35 Eracture: by Plexure or Bending 


Preston notes that the distinction between bending and 
torque is nebulous and is essentially a question of how one looks at 
it. He states, 

''In general we call a thing a torque if its 

tendency is to rotate something resembling a 

shaft or a tube around its longitudinal axis. 

If the tendency is to flex the thing, bending 

an otherwise straight object such as a shaft 

Or beam out of line, we call it a bending mo-. 

ment.'! 

(Preston 1933:165) 

When specimens are supported between two points such as in 
a vise or between two points in the hand and pressure or percussion is 
applied to unsupported material between the two points, compressive 
stresses are created on the side on which force is applied. However, 
on the opposite side tensile stresses are created. When they reach a 
critical value tensile failure will occur on the bottom side of the 
material. 


In Plate 14 a radial fracture pattern is illustrated with 


cone segments. Although the specimen was impacted at the center of the 
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top surface in illustration B, fracture was initiated through flexure 
from the bottom surface 14A. In isotropic materials such as glass 

and obsidian hackle and compression marks point toward the origin of 

the failure center. As en be seen in the cross sections of the frac- 
ture pattern in 14C, failure was initiated from the bottom of the speci- 
men. The letter ''T'' in Plate 14 indicates the adjacent edges of the 
cross-section were formerly the top of the specimen. However, hackle 
marks which intersect the cone which was expanding from the bottom sug- 
gest fracture may have also been initiated from the top surface at a 
slightly later moment in time. 

Specimens which are not isotropic may also fail by flexure. 
In quartzite specimens, such as the cross-sectional view in Plate 18A, 
hackle and rib orientation features are absent, apparently due to the 
granular nature of the material. In Plate 15, photos A and B illus- 
trate a specimen which failed by flexure. However, in contrast to the 
specimen illustrated in Plate 14A, failure was initiated from the bot- 
tom lateral edges of the compressed cone. The top photo, Plate 15A, is 
the top side of the specimen which was impacted. Photo 15B is an ex- 
ploded view of the bottom side of the same specimen, illustrating a com- 
bination of conical and radial fracture features. 

Faulkner suggests another way by which bending takes place 
on long, slender specimens such as bifaces struck near one end. He 
states, 

"In this case, the most intensive compres- 

sive shock is concentrated along the longitudi- 

nal axis of the specimen. The wave is reflected 

at the end of the specimen, returning, in general, 


at some angle oblique to the incident wave fronts. 
At some point in the specimen, the incident and 
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Plate 14 Fracture by Flexure: 
A. Specimen |mpacted Center of Force; 
B. Failure Initiated from Center of Bottom Surface; 
C. Cross-Section Illustrating Orientation Features. 
The letter t indicates the bottom surface from which frac- 


ture was initiated. 
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Plate 15 A. Top View of Specimen Broken by Flexure; 
B. Exploded View of 15A, Bottom View Illustrating a Com- 
bination of Conical and Radial Fracture Features. 
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reflected wave fronts may reinforce each other, 
and a tensile fracture may result. This tension 
is often concentrated at one surface of the speci- 
men, causing fracture by bending. In (any) case, 
fracture occurs at right angles to the intended 
fracture plane, and is initiated at a substan- 
tial distance from the point of impact.'' 


(Faulkner 1972:140) 


4, Fracture at Internal Flaws 
Failures are sometimes initiated from internal flaws when 
a material is subject to a load. Internal flaws such as bedding planes 
may considerably reduce the strength of a material. There are a number 
of mechanisms which can result in the development of internal flaws. 
One of the most common in archaeological specimens is thermal fluc- 
tuation. Tension zones due to contraction on cooling may result in 


failure in homogeneous materials. 


5. {Spal bing 

Rinehart (1960, 1964) and Kolsky (1968) report on a type 
of failure known as spalling or scabbing, which is also sometimes 
called Hopkinson fracture after B. Hopkinson, who discovered the ef-~ 
fect in 1914. Rinehart indicates, ''Spalling is defined as fracturing 
of a material ened by a high-intensity transient stress wave reflec- 
ted from a. free. surface... u, ..t.. (Rineharts 1964-69)hatdranstient!strest 
ses occur when a material is stressed with a suddenly applied load. 
The deformation and stresses are not immediately transmitted to all 
parts of the body, for some of the remote portions of the body may 
remain unstressed for some time. The particle motion of transverse 


elastic waves which is normal to the direction of propagation seldom 
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plays any part in spalling, but P waves are of major consequence. 

Spalling is produced by the interference near a free sur- 
face between a portion of an oncoming incident compression wave which 
has not been reflected and a portion reflected which is transformed 
into a tensile wave. When a longitudinal wave strikes a free surface 
at right angles, the continuity of stress and particle motion will 
only be preserved if the wave is reflected as a tensile longitudinal 
wave of equal strength. The portion of the wave which has not reached 
the surface and the portion reflected interfere with each other, giving 
rise to a distribution of stress which is conducive to the generation 
of fracture. The tensile stress increases as the reflected wave moves 
back into the body of the material from the free surface. A model of 
a circular pulse front reflecting from a free surface is depicted in 
Figure 12. Whether fractures occur at al] depends on the resistance 
of the material to fracture, the magnitude of stress and the shape of 
the stress wave. 

When high-velocity impacts are delivered to a core, spal- 
ling sometimes occurs. Usually what happens is that the bottom of 
the core or a portion of the bottom of the flake is knocked off. In 
Plates 16A and 16B a biface thinning flake is illustrated in plan and 
profile section. As can be seen in the adjacent photos, tensile fail- 
ure induced by spalling brought Dn the detachment of the edge of a 
biface opposite the point of impact. Thus spalling is likely to be 
responsible for what Tixier (1963) has previously termed outré passé. 
It should be noted that the spall section of the specimen illustrated 


in Plates 16A and 16B separated from the upper portion of the flake 
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Plate 16 Spalling or the Distal End of a Thinning Flake: 
A. Plan View; 
B. Profile. 
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upon detachment. Separation such as this does not always occur in 
outre passé flakes; however, this phenomenon can probably be explained 


in terms of the magnitude of the returning reflecting waves. 


6. Wice-Induced Failures 
Three kinds of fracture morphologies were produced as a 

by-product of holding positions used by the Stainless Steel Indian. 
Corner flakes were sometimes detached where specimens were in contact 
with the vise in holding positions 5 and 6 (see Plate 17A). Failures 
were also sometimes induced where specimens were in contact with the 
bottom of the vise, such as in holding positions 1, 2 and 4. Fractures 
of this variety are here termed bottom support failures (Plate 16B). 
Also, in two instances flakes were removed from the lateral edges of 


specimens as pressure was applied by the vise. 


E. Summary 


The objective in this chapter has been to present a the- 
oretical orientation WihlOr can be used to explain fracture features in 
general, and specifically the morphological features produced during 
the course of this study. The theoretical framework advanced attempts 
to explain rock Eee in light of material properties, the Griffith 
Crack Theory and wave mechanics. I have suggested that fracture may be 
initiated in five different ways: directly under impact, by conoid 
fracture reversals, fracture by flexure or bending, fracture at inter- 
nal flaws and by spalling. Fracture features initiated directly under 
impact are of the greatest concern as this form of fracture initiation 


was commonly used by aboriginal populations. In the foregoing study the 
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Plate 18 A. Cross-Section of Quartzite Specimen Broken by Flexure 
Which Lacks Hackle and Rib Orientation Features 
B. Bottom Support Failure Induced from Vise 
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following features: ring cracks, Hertzian cones, radial fractures, nega- 
tive cones, cone segments, bulbs of force, ribs, hackle marks, lips, 
hinges, and the distal end morphology of flakes were explained in light 
of the above theoretical orientation. 

Now that both a cognitive and fracture body of theory has 
been developed, attention may be turned to the interpretation of the 


experimental results. 
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CHAPTER VI 
ANALYSIS OF EXPERIMENTAL DATA 


A. Introduction 


In Chapter IIl it was postulated that the cognitive process 
in the second level of the proposed model is synthetic in nature. 
Lithic artisans have choices open to them as to how to regulate and 
articulate the input variables of force, impactor, holding position, 
material and shape. A dynamic interaction occurs between materials 
and the other input variables in the flaking process while stone imple- 
ments are being created. The question examined tn the present Chapter 
is: can output attributes be classified in regard to the decisions | 
which were responsible for their formation? 

Two possible ways in which attributes can be dealt with 
in attempting to determine the input decisions responsible for their 
formation are here considered. The assumption can be used, for classi- 
fication purposes, that each distinct combination of input variables 
will result in a unique combination of output variables. In the second 
section of the paper the exper imental data base is uSed to test this 
assumption. The output variables from all of the experiments were 
compared in an attempt to determine if experiments which have distinctly 


different input parameters have an overlap in output variables. 
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An alternative approach for determining the input decisions 
responsible for the creation of output variables, is systematically to 
examine the conditions responsible for each output variable. Some of 
the implications.of this approach are explored in the third section of 
the paper as an attempt is made to determine which specific experimental 
input conditions were responsible for the formation of particular 


output variables used in the experimental design. 


B. Decision Sets and Combinations of Output Variables 


The attempt to determine if each experiment (decision set) 
or combination of input variables results in the creation of a unique 
combination of output variables or attributes has necessitated the 
development of a special methodology. This objective has been met by 
placing the experimental data in a matrix in which experiments are listed 
across the horizontal axis and the output variables noted on the verti- 
cal axis. As each experiment was replicated five times, abe results 
have been summarized by placing the mean, mode and range of each experi- 
ment in the matrix (see Table 1). These statistics were selected for 
inclusion in the matrix as they clearly reflect the nature of variance 
which occurs within the framework of each specific experiment. 

The first analytic task undertaken is to determine if the 
experiments have overlapping output variables. This objective has 
been met by simply noting the presences or absences of output variables. 
The construction of Table 1B readily permitted the application of an 
inspectional comparative approach in which the output variables of 


every experiment were compared with every other experiment. A major 
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question which immediately arose during the course of this analysis 
was, 'What criteria should be used for determining when overlap occurred 
in the output configurations of two dissimilar experiments?'' The 
rather arbitrary rule was set that output results could be considered 
as overlapping if they shared in common all but two output variables. 
The results of these comparisons were then listed on a piece of note- 
paper. Upon inspection of these results, it was quite apparent that 
overlapping output variables fell into four very definite patterns 
which form the basis of the following discussion (see adjacent Summary 


Chart). 


1. Pattern 1 

Specimens which have been admitted to Pattern 1 share in 
common the fact that no output variables were created. In other words, 
the rock specimens which were impacted did not break. The reason why 
failure did not occur must be sought in particular combinations of in- 
put variables, and it would be dangerous to generate a Site answer 
cross cutting this group of experiments. However, one point is obvious. 
The specimens did not fail because they received an insufficient amount 
of energy. Thus the combination of input variables is a critical factor 


in determining how much energy is actually delivered to the material. 


2. Pattern II 
The output variables which consistently cluster together in 
Pattern I! include: frequency distribution of completed radial cracks 
on edge number 1 (067), on edge number 2 (068), on edge number 3 (069), 


on edge number four (070) and fracture by flexing or bending (072). Upon 
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inspection of the experiments 43, 44, 67, 69, 120, and 140, it is evi- 
dent that these experiments share one thing in common. Specimens held 
in position 5 over the open vise mouth broke by radial fracturing, with 
the exception of 120, which broke in holding position 6. Force level, 
impactor and material caniibe varied considerably as long as the materi- 
al is held in the appropriate position. The conclusion which can be 
drawn from this pattern is that there are a number of input conditions 
which can lead to radial fracturing, and until a much more sophisti- 
cated scaling procedure is devised, specimens broken by radial frac- 


ture will be exceedingly poor indicators of input variables. 


3. Pattern II 
Output variables which together in Pattern II! include: 

corner support fracture (007), fracture directly under impact (008), 
conoid fracture reversal (039), and primary half cone (083). Upon 
inspection of the input variables it is evident that what this group 
of experiments--46, 70, 71, 94, 95, 115, 142, and 143--hold in com- 
mon is the same holding position--number 6. There is one exception, 
experiment 115, in which the specimen was held in position number 5. 
Thus it is evident that there are a number of combinations of input 
variables which create the same output results when specimens are held 
and struck in holding position number 6. It is clear that the output 
variables as well as those in Pattern II are mechanically linked. 
Force level, material and impactor can be varied as long as the holding 


position and point of impact are held constant. 


4. Pattern IV 


Output variables which group together in Pattern IV in- 


i. ee aa 

Oe Ve ‘ihe 
A 
| est i. meh yy a 


7, 


‘ 7 


mhvo 2 ni OMT vial een | 
blond ens@l nag? norms 0 endl ano at nit 
dziw ,geltudaart) isiber: di mio savor oti 7 
ovel..2o7od) 40 noitiang: gaibloit nivslond dairy 408 
“Fister sf?) 26 geet ae Widietetel ana: pelvov od fing. fstte 
wed at stew idlevteans me eats kanes eae 
enoia | wacs aaa 1a vein te: 316 avai dart ah onatiag at 


we a 


~j 7aidqor stom staum @ bide ibag Jpabnunaer? Aeibs7 03 


-ae7t [eiber yd) neverd tnanlONs beeivebual orubezonae 


shutont bil meries mi Mesias ate Asidw esldsiievsuqsia ; RG 7 
(900) toeqmi seb Yi soardh: ree +400) ee ve vs 
noqw , 280) sroo Yled satiety tae (Reap fezna | 
querd 2tdy dedw ted? Inebiverst si jeatdetweessuqai 6 


“moo i bigd= Ee} bas _ set an ae Tor ie 


@ redmun Actives a bier cow nemigega: Sods cttw at athe 
tuderl TQ Sir, pry ea ta ‘eden 6 “oie srs: deni abv eb 8 


blade o9% ‘cnamiseqe rindi en{uieos) suai omsz ‘ody at62I0 daveb {deat " si 
toate saa seed re8ld at st @ seins ngisleoq enter ai dounse 6 

hi neha 7 dei | 
oper et imianes at6 7 onayies at ezodt 2% few 26 SpA 1 


: neq et re 


2 feijzeatem A ; 
Enihléd vit ce endl *] bsiney om ne ‘yos20q0 bps iti 6m . ‘S ve 
spqse 03 bio a8 hats to Inia bee 90 


Mu Litas se 


154 


SUMMARY OF OVERLAPPING OUTPUT VARIABLES 


Pattern 
Number Experiment Number Input Variables Output 
| | Bee No output 
hg - 54 No output 
56 No output 
62-63 No output 
73 No output 
97 54103 No output 
121 No output 
II 43 Fi 13 H5 M2 7 =-07 66,69), 70" 72 
Ll Ftoh3 iS M2 7 67 68 69 70 72 
67 F201 HS M1 > = 6/7 66°69) 70) 72 
69 F2 21-H5 M3 “60 (60) 695 704 72 
120 F3 11 H6 M3 = 967-682 =70e72 
140 E:3) {h3eH5.iM2 =n f= 26) 68%,69; £042 
an 46 F1 13 H6 M1 F839 120. we83 
70 F2 11 H6 M1 SA) chs eben Wve ite x 
71 F2 11 H6 M2 Pas 139 oF 17083 
94 F213 H6.M1 TROON Mes iG 8 
95 F2 13 H6 M2 TietOw39 awl os 830.85 
115 F3 11 HS M1 Tams a ae A fasten 
142 F3 13 H6 M1 ZL e8039 82 
143 F3 13 H6 M2 Finns 9" 65-6 69 
IV 74 P2913 Re M2- 71 HOM Se = 
75 2 1BathlrMZeFt 10 8 
76 F2 3c MIA eZ 10 Be 
77 F2 (3 HY M2 72 10 aap 
78 F2213¢H4 Mant? 10 ae 4 
£25 Fd 11 3H by M2 yT2 10 = 12 
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clude: primary ring crack circumference (010) and primary ring crack 
diameter (012). These output features are associated with experiments 
66, 74, 75, 76, 77, 78, 125, and 126. It is interesting to note that 
impactor 3 (quartzite) and holding position 1 occur in all the input 
variables responsible for the production of ring crack diameter and cir- 
cumference. As the production of ring cracks is the first morpholo- 
gical event to occur in creating a fracture, it seems apparent that a 
much higher energy requirement would have been necessary to induce fail- 
ure when specimens were held in holding position 1, in which torque was 
applied. 

The general theoretical ramifications of the above experi- 
mentally produced patterns to the construction of decision model types 
is evident. The premise that each distinct combination of input vari- 
ables will result in a unique combination of output variables is not a 
sound inferential framework for determining input conditions or deci- 
sions on the part of tool makers, as distinctly different decisions can 


result in similar combinations of output variables. 


G; Decision Sets and Individual Output Variables 


The second research procedure is based on a different funda- 
mental premise. Although a combination of morphological features may be 
produced as a consequence of a single fracture event, each independent 
output variable should be investigated as if it is an independent vari- 
able. The rationale for this fact is that particular output variables 
may be sensitive indicators to particular decisions in the decision set 


which led to failure. Once the experimentalist has determined the in- 
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put decisions or range of decisions responsible for each output variable, 
he will then be in a position to look at the output variables on a speci- 
men as a group of related features which reflect different aspects of 

the decision set which was responsible for the formation of the fracture 
surface under investigation. 

In attempting to answer the question of what input conditions 
were responsible for the creation of a particular output, variables pro- 
duced within the framework of the experiments design led to the con- 
struction of Table 3. The experiment number and input levels for each 


independent outiput variable are listed in the table. In the following 


discussion the decision or range of decisions responsible for the creation 


of each output variable are recorded. For organizational purposes, the 
output variables have been divided into four major groups: 1. mechan- 
isms of failure; 2. cones and associated features; 3. flakes and associ- 


ated features; and 4. radial fracture. 


1. Mechanisms of Failure 
a, Fracture Directly Under Impact 008 
Fractures which were initiated immediately adjacent to the 
impact point occurred 253 times and have a relative frequency of 35.1%. 


All levels of each input variable are associated with this variable. 


b. Conoid Fracture Reversal 039 
Conoid fracture reversal is a term which has been ''coined'' to 
refer to a situation in which a fracture front arrives at a free sur- 
face and then reverses itself, thereby creating a new fracture which 


may have rib and hackle marks which point back to the free surface from 
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which the fracture was initiated. In examining the input variables 
responsible for the creation of conoidfracture reversals, it is evident 
that conoid reverse fracture can be created using all levels of all vari- 
ables with the exception of holding position. Conoidreverse fractures are 
associated with holding positions 2--6. 

It is interesting to note that conoidreverse fractures were 
produced 43 times in the experiments. A record was made as to the num- 
ber of branches created in each fracture reversal. Ten specimens only 
had one branch, thirteen had two branches, ten have three, six have 


four, one five branches, one six branches and one seven branches. 


c. Fracture by Flexure 072, 074 and 075 

Fracture by flexure was dealt with by using three slightly 
different variables. Variable 072 was used to record breaks directly 
under the impact point; O74 and 075 were employed to record radial 
fractures initiated from one point from the bottom edge of cones and 
half cones respectively. Since the input conditions leading to the 
formation of these three variables are the same, the same comments can 
be applied to each variable. All levels of each input variable are 
associated with the composite fracture by flexure variables except 
holding position. Failure by bending or ORM: only occurred in holding 
positions 5 and 6. Undoubtedly this phenomenon is related to the fact 
‘that specimens placed in these two holding positions were placed with 
their X face up, so the axis of the specimens was horizontal to the 
trajectory of the impactors. When the impact occurred the specimen 


broke in tensile failure. 
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d. Polar Support Fracture 006 


Polar support fracture refers to specimens in which failure 
was initiated from the bottom of the specimen. Failures of this variety 
occurred 60 times and sere a relative frequency of 8.3 per cent. Within 
the framework of the experimental design all levels of force, impactor 
and materials are associated with the creation of polar support frac- 
ture. However, polar support fracture was always associated with holding 
positions 3 and 4 with one exception, in which it occurred in holding 
position 2. A finding such as this is not startling as holding positions 
3 and 4 are quite similar and in both cases the force from the impact 


drove the bottom of the specimen into the vise track, initiating failure. 


e. Corner Support Failure 007 


Corner support failure refers to specimens in which one or 
more corners of specimens resting on the edge of the vise were knocked 
off. Twenty-six specimens had corner support failure, giving this 
feature a 3.6 per cent relative frequency. All force, impactor and ma- 
terial levels are associated with this kind of fracture. However, as 
the name of the variable implies, the corner of the specimen had to be 
lying on top of the vise. Consequently, it is no big surprise to find 


that this feature is only associated with holding positions 5 and 6. 


f. Pressure Flakes Induced by Vise 071 


Three pressure flakes were created as a byproduct of holding 
specimens by their lateral edges in the vise. The flakes were detached 
in holding position 2 using only force level 3 and either torque level 1 
or 2 on materials 1--glass or 2--obsidian. As is evident from the low 


frequency of pressure flakes, they are an uncommon feature. The reason 
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or reasons why pressure flakes occurred only once in the three separate 


experiment--104, 130, and 131--are ambiguous at the moment. 


g.- Internal Flaw or Bedding Plane 060 
Eight specimens broke at internal flaws or on bedding. All 


specimens which failed in this manner are quartzite. 


2. Cone and Negative Cone Features 


a. Primary Ring Crack Circumference 010 


A total of 57 ring cracks were experimentally produced. 
Thirty-four ring cracks form a quarter-circle, fifteen a half-circle, 
One a three-quarters circle and seven are complete. Complete or par- 
tial ring cracks were created in all levels of all variables except hold- 
ing position 5. The reason or reasons why there are no ring cracks 
associated with holding position 5 is obscure. Perhaps a sampling prob- 


lem is represented. 


b. Secondary Ring Crack Circumference 011 


The attribute of secondary ring crack circumference occurred 
only five times. It is rewae ine to note that its occurrence is 
restricted to onan positions 3 and 4, in which a vertical blow was 
delivered to the right angle surface of the material. A distribution 
such as this suggests that angle and placement of the impact blow may 


be critical elements in the creation of secondary ring cracks. 


Cc. Primary Ring Crack Diameter O12 


Forty-six ring cracks were created that have a diameter which 


can be subjected to measurement. Primary ring cracks which have a mea- 
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surable diameter are more restricted in distribution than the variable 
of ring crack circumference. Each level of all variables is associ- 
ated with ring crack diameter with the exception of holding position. 
Holding positions 2, 5, and 6 are not associated with the creation of 
this variable, and perhaps the explanation for this phenomenon jis that 
a smaller energy requirement is necessary for failure to occur in posi- 
tions 2, 5, and 6. In other words failure occurred in these positions 
but advanced beyond the initial stage represented by the variable ring 
crack diameter. 
d. Cones and Half Cones 013, 014, 015, 016, 017, 018, 019, 065, 
083 and 084 

Ten variables were created for the investigation of primary, 
secondary and incipient half and whole cones. For the sake of clarity 
all cone features will be dealt with in this section. As primary whole 
cones 015 and primary incipient whole cones 014 are quite similar, 
keeping in mind that incipient cones have not been freed from the nega- 
tive cone, these two variables will first be discussed. Primary inci- 
pient whole cones 014 occurred twenty-three times while primary whole 
cones occurred a total of six times in the 720 experiments. However, 
four of the primary aot cones were modified by radial fracturing. 
Only force levels 2 and 3, holding positions 3, 4, 5, and 6 and materi- 
_als 1 and 2 are associated with the formation of whole cone features. 
Holding positions 3, 4, 5, and 6 all share in common the fact that the 
material is placed at a right angle to the trajectory of the impactor. 
The fact that force level 1 and quartzite are not associated with whole 


cone features suggests that a higher energy load than level 1 is required 
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in the production of whole cones in glass and obsidian. It seems likely 
that an even higher energy load than level 3 would be required to produce 
whole cones in dense materials such as quartzite. 

Primary half cones Ceara aie te primary half cones 084 
and primary incipient half cones 013 are associated with each level of 
all input variables except holding position. Half cone features were 
produced in holding positions 4, 5, and 6 with the exception of two 
experiments--86 and 87--in which holding position 3 was used. It must 
be kept in mind that the surfaces in which cones were produced were at 
a right angle to the trajectory of the impactor. Probably of equal 
importance in the production of half cones is the distance of the im- 
pact point from the nearest edge, as they are frequently truncated by 
an edge. 

The variables of incipient half cone 016 and secondary inci- 
pient whole cone 017 and secondary whole cone 019 were not experimental - 
ly produced. Secondary half cones occurred a total of three times and 
have a relative frequency of occurrence of .4 per cent. Holding posi- 
tion 6 and obsidian are the two major inputs associated with the creation 
of this kind of half cone. In view of the fact-that this is a rare fea- 
ture and it only peennee -4 per cent of the time, it may well be that in 
a larger experimental design where more experiments were conducted, it 
would be found that it is also associated with other input combinations. 
Likewise, the same argument can be applied to variable 065 secondary, 
incipient and partially complete conoid fracture, which occurred only 


once during the course of experimentation. 
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e. Cone Segments 038, 062, 102 and 103 


Positive cone segments and negative cone segments are both 
created by the same phenomenon--radial fracturing. However, radial 
fracturing does not always occur both inside the cone forming positive 
cone segments and outside the cone area creating negative cone segments 
in the same specimen, but it can occur. There are some regularities 
which underlie the formation of positive and negative cone segments which 
are of interest. With two exceptions, experiments 40 and 71, positive and 
negative cone features resulted from the following combination of input 
variables: Force 2 and 3, impactor 3, holding positions 3 and 4, and 
materials 1 and 2. A combination of input variables such as this would 
only result in a high energy load being concentrated in a relatively 
small area. The fact that the quartzite impactors resulted in the for- 
mation of these features, not the antler tipped impactors, implies that 
impactor material is an important variable in concentrating energy. It 
seems plausible that the antler impactors are much more elastic and ex- 
pand lipon impact, distributing input energy over a wider surface than is 
the case with denser, harder quartzite impactors. The fact that holding 
positions 3 and 4 are ae) nga with the creation of negative and posi- 
tive cone segments again:’suggests a high Bahn concentration is neces- 
sary for the creation of this kind of feature. In these holding posi- 
tions the Z axis is the upright surface which is impacted. It will be 
recalled this surface only measures 3/8'' by 2'', thereby when it is im- 
pacted a very small distance is involved for the elastic waves to reflect 
back from the adjacent free surfaces. 


Only glass and obsidian are associated with the production 
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of positive and negative cone segments. It seems probable that this 
association should be viewed in terms of differential material proper- 
ties. Obsidian and glass are not as dense as quartzite, and fail in 
radial fracture at a lower energy level than quartzite. One point 
which should be mentioned is that a number of the argillite impactors 
which constituted a smaller mass than the specimens being impacted 
literally exploded in radial fracture. 

Variables 102 and 103 were used to record the faces from 
which negative cone segments detached. In sixteen cases in holding 
positions 3 and 4 negative cone segments were created in one of the 
X faces. Much less common for specimens held in positions 3 and 4 
was the detachment of cone segments from both X faces which occurred 


only three times. 


3. Flakes 
Flakes are a major component in most lithic assemblages. 
A large number of flake categories with controlled input conditions 
have been established in an attempt to sort out the significant input 
variables responsible for flake production and their associated attri- 
butes. 


a. Platforms 059, 078, 079, 080, 081, 082, 095, 096, 097, 


098, 099 


The primary flake platform alteration of pitting 078 occurred 
only once. With such a small sample size it would be meaningless to 
attach any significance to the associated input variables. Platform 
scratching, variable 079, did not occur at all. However, the primary 


flake platform alterations of crushing 080, microcracking 081 and micro- 


“yaqorg tel veaem aN ie Xo 


At list bre ceatsa eae) Be cones 


a7vosoaqm! an iiigrs sie: to Yedmuni & i i il bp i 
yo teal ‘ee snamt aan oy ert 4 2ekm Raictacies 
ee | sownee) Asta pat 


——— 


aS 


mor? esast ad? biosey of ion s150. Eat bas setae oti i 
pei bt! oct mt 2B259 voaimia mt. wbertoe tab Pinemgee BOD | | 
ei? to eno ni beteets Stew 2 inomese 22) -oylisgen, do as . 

# bn € enoitieeg al bist arram | 2eqe, 307 owe adel i 
beiiugee doltw eesst K Ajed mort <ideaianas ala | ° bad 


Di. wae . 
ish | A evi 194) _seomi a ae 
: : A ae: 7A) we ‘| fi. 

he F i : 7 14s eee: or ve Bi 


Ate 


or : 


gh ror ie sl aie 7 i 
anol i ibyigd sagnt val totanes iyiw coirepeses eerie: ws brat > By 
deat) Thai Theat oa? su 2102 of tomas 36 ‘he ni Y betel dbvee 
sidlenogen Aki i me 


| an wit at 
espe Utsees SINIET Ream at toenoqno> “wien S ‘soe 


1238 Be te tboaee ised bis seidouborg oni fet ol 


£80 


Jeo: .3g0 4k0 


piiiiese a0 gnfstig.te nel seraai, weihanie os ious gh flay 
od 22alpaintom)ed blond vit aie etaeibe Heme. 6 dove ie — 
arotaet 4 eotdé iw soqn! ‘Bedelooees, oi 07 Paonsat hap nt 
yrvectiivg of% TSVSWOH ‘tis te: W290, ton bib, OT. sitions 
“aibim hire al ani nre2g0Ta MR, 080 sali Io enol spe meet a 


¥ / 


P Be she 
: am wi i i d i” re ; : iy wa) 
i nm iia ‘as Mi 4 ‘ Wee 7 : \ 


sf i ‘ee ae ve oF niet 


164 


flaking have a high incidence of occurrence. Seventy specimens exhibit 
platform crushing and have relative frequency of 10.7 per cent, micro- 
cracks occur sixty-two times and have a relative frequency of 8.6 per 
cent, while microflakes occur fifty-nine times and have a relative 
frequency of 8.2 per cent. The input conditions leading to the produc- 
tion of these three kinds of features are nearly synonymous. The domi- 
nant variable responsible for crushing is impactor type. The hard ar- 
gillite impactors were associated with the creation of platform crushing, 
microflaking and microcracking, with the exception of three experiments 
in each variable where antler impactors led to crushing, microcracking 
and microflaking. It is worth noting that the soft impactors never led 
to crushing, microflaking and microcracking in quartzite materials, and 
are only rarely associated with the formation of three features in 
glass and obsidian. 

The input conditions responsible for the secondary flake 
platform alterations of crushing 097, microcracking 098 and. microflak- 
ing 099 are essentially the same as those for primary flake platform 
alterations with one major exception. Almost all secondary platform 
alterations are associated with holding position 2 with a few exceptions 
where holding Sagntron 4h was used. In primary flake platform alterations 
there is a much greater range of holding positions including positions 
2123 ang sO 

A special variable 059 was created to record microflaking 
which occurs on the beveled platform surface outside of the negative 
scar on specimens held in position 2. Twenty-three specimens exhibit- 


ing this feature were created during the project. In all cases the 
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input variables of argillite impactor and the materials of glass and 
obsidian are associated. One explanation for the differential occur- 
rence of this fracture feature is the fundamental differences in the 
material properties of glass and obsidian as contrasted to quartzite. 
The secondary flake platform alteration variables of pitting 
095 and scratching 096 turned out to be useless variables in light of 
the framework of the experimental design employed here, as there was 


not a single occurrence of either feature. 


b. Lips 020 and 061 


Lips were experimentally produced fifty-six times and have 
a relative frequency of 7.5 per cent. The total combination of all 
input variables is associated with the production of lips with the 
exception of holding position. Lips were produced only when speci- 
mens were held in holding position 2 with a single deviant experiment 
64, in which a lip was created in holding position 4. Specimens held 
in position 2 were impacted on a beveled edge which was at a 45° angle 
to the longitudinal axis of specimens. Consequently, it can only be 
concluded that angle is the critical variable responsible in the crea- 
tion of lips, not the kind of material used in the impactor as common- 
ly suggested. In other words, the experimental evidence advanced here 
suggests lips on primary flakes cannot be used to distinguish between 
the use of hard and soft impactors as has been common practice. 

Lips occurred on secondary flakes twenty-one times. It is 
interesting to observe that the combinations of input variables res- 
ponsible for the creation of lips on secondary flakes are no different 


than those for primary flakes. In all instances lips are associated 
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with holding position 2, in which beveled edge specimens were used. 


c. Bulb of Force 022 and 043 

The formation of bulbs of force on primary flakes, variable 
022, and on secondary flakes, variable 043, are related to one dominant 
variable. Like lips, bulbs of force occur predominantly in holding posi- 
tion 2, in which beveled edge specimens were impacted at a 45° angle 
to the longitudinal axis of the material. In view of the evidence that 
bulbs were created in holding position 2, with only two exceptions, 
experiments 135 and 136, it can only be concluded that angle of impact 
relative to the longitudinal axis of the specimen is a highly critical 
variable in the formation of bulbs. 

A rank order scale was employed for recording bulb defini- 
tion. It is interesting to note that poorly defined bulbs occurred 
twenty-two times, moderately defined bulbs were recorded twenty-two times 
and well defined bulbs were produced only twelve times. On secondary 
flakes nine bulbs were scaled as poorly defined, seven moderately defined 
and seven well defined. No attempt has yet been made to determine if 
there is some sort of underlying pattern such as force level which is 


responsible for these differences. 


d. Eraillures 029, 050 
Eraillures are a morphological feature which occur on bulbs. 
Eleven eraillures were recorded on primary flakes, variable 029, and 
five eraillures occurred on the bulbs of secondary flakes 050. It is 
evident that the formation of eraillures is mechanically linked to bulb 


formation. Like bulbs, the dominant variable critical in the creation 
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of eraillures is holding position 2, in which the striking platform is 


at a boy angle to the longitudinal axes of specimens. 


e. Negative Scars 100 and 101 


Two additional features, microflaking 100 and crushing 101, 
in secondary flake negative scar alterations, are almost always exclu- 
sively associated with holding position 2. Only three exceptions exist. 
In variable 100 holding position 4 was used in experiment 136, and in 
variable 101 holding position 4 was used twice in experiments 42 and 
136 respectively. Secondary microflaking was recorded thirty-two times 
while crushing also occurred thirty-two times. Like bulbs and lips, 
angle of impact is undoubtedly the critical variable responsible fo the 
formation of this feature. It is interesting to note that although these 
two features are not produced exclusively by the argillite impactors, 
secondary negative scar crushing and microflaking is not commonly affili- 


ated with antler impactors. 


f. Hackles 023, 024, 025, 026, O44, 045, 046 and 047 
Eight variables were created in an attempt to determine if 

the distribution of hackle marks could be explained in light of differ- 
ent combinations of input variables. The number of occurrences of each 
of these variables is not particularly large. Variable 023 occurred only 
once, 024 once, 025 ten times, 026 four times, O44--zero, 045--zero, 

046 ten times and 047 seven times. In reviewing the input variables 
responsible for the formation of hackle marks, in view of the small sam- 


ple size involved, it appears as if the input conditions responsible for 


primary hackle marks adjacent to the point of impact, hackle marks on 
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lateral edges, hackle marks on ribs, hackle marks at the distal end of 
flakes and on secondary fiakes on ribs and the distal end are not essen- 
tially different. Hackle marks were only observed in all of the above 
variables in glass and obsidian. Perhaps this difference can be ex- 
plained in light of fundamental differences which exist in the density 
and brittleness of the respective materials. Hackle marks occur pre- 
dominantly on flakes produced on flakes detached in holding position 2. 
Also, . two cases hackle marks were developed on flakes which were pro- 
duced in holding position 4 and in one case in holding position 6. In 
both situations glass was the material that failed. At present the 


significance of these exceptions is obscure. 


g- Ribs 027, 028, 048 and 049 

Four variables were created for coding ribs concentric to 
point of origin 027, O48 and ribs semi-circular to the point of origin 
028, 049 for primary and secondary flakes respectively. Variable 027 
occurred eight mina 028 forty-five times, 048 eight ities. 049 thirty 
times. Although the numerical frequency of ribs. concentric to the point 
of impact is rather low, a rather specific set of input combinations is 
responsible for the production of this feature: force levels 1 and 2, 
the argillite impactor holding positions 1 and 2. Perhaps crushing and 
microflaking would have occurred if a higher force level had been used. 
It seems likely that the reason why the argillite impactor is associated 
with this feature is that the energy load is concentrated on a smaller 
loci from which fracture is initiated than when the more elastic impactor 
is employed. The fact that ribs are only associated with glass and obsi- 
dian suggests that this variance can be explained in light of differen- 


tial material properties. 
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Ribs which are semi-circular to the point or origin in both 
primary and secondary flakes are associated with both the soft and hard 
impactors, and like ribs concentric to the point of origin, occur only 
on glass and obsidian specimens. Flakes held in both holding positions 
2 and 4 exhibit ribs which are semi-circular to the point of origin. 

h. Distal End Morphology 030, 031, 032, 033, 034, 051, 052, 053, 054, 
SECON tT MAY IS OT PUL Ver ignies That are Trespass tare 

The morphological feature of a hinge at the distal end of flakes 
is relatively rare. It was recorded eleven times for primary flakes 030 
and only twice for secondary flakes 051. Hinging is associated with all 
levels of each input variable with the exception of holding position, 
in which only positions 2 and 4 are significant. 

Step flakes at the distal end of primary flakes 031 occurred 
a total of eleven times, whereas step flakes were produced on secondary 
flakes 052 only three times. In examining the input variables responsi- 
ble for the creation of step flakes, it is apparent that step flakes 
were only produced in holding positions 2 and 4. Otherwise all levels 
of each variable were involved in the creation of this feature. 

Primary flakes which feather out at the distal end 032 occur 
ninety-three times and secondary flakes 053 which feather out occur 
thirty-four times. All possible combinations of input levels for each of 
the major variables in the framework of the experimental design are asso- 
ciated with this feature with the exception of holding position. Flakes 
which terminate in a feather are predominantly associated with holding 
position 2. In a few cases holding position 4 is significant, but only 


on glass and obsidian specimens. 
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All kinds of flake distal end morphologies recorded included 
primary flake outré passé variable 063, secondary flake outré passé 
064 and primary flakes which are jagged and irregular at their distal 
ends 034. These distal end morphologies were infrequent in their occur- 
rence. Variable 063 occurred only once, variable 064 once, and variable 
034 twice. Since these features were so rare, at present it is not clear 
as to what the range, if any, is of input variables that are responsible 
for their production. Variable 033 reversal hinge did not occur during 
the course of the experiments. 

In summary most flake distal end morphologies are associated 
with holding position 2, which is not surprising in light of the fore- 
going discussion concerning other flake variables. Distal end morpholo- 
gies are mechanically linked to the production of flakes which are most 
readily produced when the longitudinal axes of specimens are held at a 


Hee angle to the trajectory of the impactor. 


i. Shape 040 and 056 


Two categories, symmetrical and asymmetrical, were used to 
record the outline form of primary flakes 040 and secondary flakes 056. 
It is interesting to note that in primary flakes only twenty-seven sym- 
metrical outline forms were created, whereas eighty-eight asymmetrical 
outline forms were produced. Likewise, a similar tendency characterized 
secondary flakes where seven flakes were symmetrical and thirty-six were 
asymmetrical. 

In reviewing the input conditions responsible for the produc- 
tion of symmetrical and asymmetrical flakes, it is evident that all 


levels of all variables are associated with this feature with the excep- 
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tions of holding positions 1 and 5. Although holding position 1 occurs 
once in the formation of secondary Flakes and holding position 5 is evi- 
dent, these positions were not conducive to the production of flakes. 
~The wide range of input variables does not suggest an immedi- 
ate solution as to why there are far more asymmetrical flakes than sym- 
metrical ones. Perhaps the answer lies in where the ring cracks began 
to form relative to the dorsal face of the specimen. If a ring crack 
begins closer to one edge than the other, then the crack would theore- 
“tically advance or spread to the dorsal face which was closest first, 
resulting in fracture front asymmetrical to the point of impact and hence 


an asymmetrical flake. 


j. Length 035 and 041 and Width 036 and 042 


Maximum length-width measurements were taken on primary and 
secondary flakes. Length measurements on 118 primary flakes were taken 
and 036 were recorded for width, while forty-three measurements were taken 
on secondary flake length 041 and width 042. In reviewing ene measure- 
ments which were ranked in 0.5 cm tatervalen it is clear that the major- 
ity of flakes hewe length*width measurements under 2.5 cm. However, 
secondary flake length-width measurements are much more evenly distri- 
buted throughout the 4.on cm. ranked scale. No attempt has been made 
to determine if a particular force level is AS S6€ iStedAwi es a particular 
range of length-width measurements. 

Length-width measurements, like other flake variables, occur 
in conjunction with all levels of each input variable with the excep- 
tion of holding position. Only positions 2 and 4 are associated with 


length and width. It will be recalled that holding position 4 only dif- 
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fers from position 3 in that the impact point on the specimen is adja- 
cent to the edge, while the impact point on 3 is oriented and equidis- 
tant between the two edges. Thus, in specimens in which the surface 
of the material to be impacted is at a right angle to the impactor, it 
seems likely that the distance from the nearest free surface is a criti- 
cal variable in determining what kind of morphological features are 
estes In other words, holding position 3 is associated with the 
production of cone features generally, not flakes. 
k. Face of Flake Axis 085, 086, 087, 088, 089, 090, 091, 092, 
OGHRtOS4, Radial CYAOKS ware essottated With holding post 
In view of the fact that all ae features were produced 
in holding positions 2 and 4, it is not surprising to find that the 118 
flakes which were produced occurred on the X face. The other variables 


086--094 proved to be useless categories for recording flake axis. 


1. Incipient Flakes 057 and 058 


Incipient flakes are flakes which are not totally detached 
from the parental block of material. The input conditions responsible 
for the formation of the twenty-two incipient flakes are not essentially 
different than the conditions responsible for the production of primary 
and Peron iaes flakes, with one exception. A number of incipient flakes 
were created when specimens were held in position 3. As specimens held 
in this position were struck centrally on the Z face, not on the edge 
as in position 4, it seems likely that a higher energy input would have 
been necessary to result in the detachment of flakes held in position 
3. As would be expected, the twenty-two incipient flakes were all de- 


tached from the X face 058. 
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4h. Radial Fracture 067, 068, 069 and 070 

Four variables were created to record the number of radial 
cracks which terminated on the four edges. In reviewing the input 
variables responsible for the production of radial cracks, it is clear 
that all levels of all variables except holding position are associated 
with the creation of radial cracks. Radial cracks are produced by at 
least two failure mechanisms: fracture by flexure and by conoid reverse 
fracture. In both cases, these failure mechanisms become significant 
when the thinnest axes of specimens are perpendicular to the trajectory 
of the impactor. Radial cracks were associated with holding positions 
5 and 6, as would be expected. 

The absolute number of radial cracks per specimen edge form 
an interesting pattern. Edges 1 and 3 were in contact with the vise 
while edges 2 and 4 were free, unbounded surfaces. Forty-two and forty- 
six cracks terminated on edges 1 and 3 respectively, and one hundred and 
three and ninety-six cracks terminated at edges 2 and 4. 

Another point of interest is the distribution or number of 
cracks per edge. On edge 1, thirty-three ppecuncas had one crack, eight 
had two cracks and one had four cracks. Similar figures were obtained 
for edge 3 in which twenty-six specimens had one crack, seventeen had 
two cracks, two had three cracks. In contrast to these figures are the 
number of cracks occurring on edges 2 and 4. On edge 2, sixty-two speci- 
mens had one crack, nineteen had two cracks, sixteen had three cracks, 
and four had four cracks. On edge 4 sixty-four specimens had one crack, 
sixteen had two cracks, eight had three cracks, seven had four cracks and 


one had five cracks. What the above figures suggest is that the vise sup- 
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port under edges 1 and 3 absorbed a certain amount of elastic energy, 


reducing the incidence of radial fracture on these edges. 


D. Summary and Conclusion 


In Chapter I] tae hypothesis was advanced that the decisions 
made in the second level of the proposed cognitive model are synthetic 
in nature. In other words, the diverse elements of force, impactor, 
holding position, material and shape must be articulated for inducing a 
controlled fracture in lithic materials. A dynamic interaction occurs 
between cognition, behavior and material in bringing about a change in 
a lithic item. The question has been raised as to whether or not the 
synthetic decision sets which led to a particular material transformation 
can be reconstructed from the attributes which are created. 

A dynamic loading device, the ''stainless steel Indian'', was 
used to implement 144 controlled experiments, replicated five times each, 
in which the input conditions ''decision sets'' could be related to output 
morphology. The experimentally generated data base has been used to 
investigate and exemplify the applicability of two alternative classi- 
fication procedures which could be used to link morphological features 
to the decisions which led to their formation. If the assumption is 
used that each combination of input variables will result in the forma- 
tion of a unique cluster of attributes, it would be possible to reproduce 
experimentally attribute clusters and to use them as an inferential frame- 
work for interpreting prehistoric decision sets. An attempt was made to 
test the above proposition. The output variables from all of the experi- 


ments were compared in an attempt to determine if there was an overlap 
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in output variables although input conditions were not identical. Four 
major patterns of overlapping variables were found as a consequence of 
this analysis. The implications of the overlapping patterns of output 
variables for the decision model approach is evident. The premise 

that each distinct combination of input variables will result ina 
unique combination of output variables must be rejected as an unsound 
premise which will have little utility in helping reconstruct input 
decisions. 

The second premise examined which can be used in establishing 
a classification of input decisions inferred from output morphology is 
particularistic in nature. The fundamental premise which underlies 
this approach is the idea that individual output variables may be sensi- 
tive indicators of individual decisions in a decision set. Thus by 
using a controlled experimental research design approach such as under- 
taken in the present study, it may be possible to link particular deci- 
sions or ranges of decisions with specific output attributes: Once a 
sound inferential framework is established for particular features, 
the possibility will then be opened for looking at the linked attributes 
on specific specimens as a group which reflect a decision set. 

The third section of the paper was devoted to analyzing the 
input conditions responsible for the creation of outout variables in 
attempting to determine the applicability of the above particularistic 
approach. An attempt will not be made to review the findings made on 
each particular variable here, rather, discussion is focused on the 
theoretical implications of the particularistic approach. 


Three major trends are apparent in regard to the relationships 
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which exist between input decisions and output variables. Some vari- 
ables, such as lips and bulbs of force, are almost always associated with 
a dominant input variable. In the above cases the variable happens to 

be angle to impact. It is interesting to note that lips have tradi- 
tionally been interpreted as an indicator of soft hammer impactors. 
However, under controlled experimental conditions it was demonstrated 
that lips are associated with both hard and soft hammers when the longi- 
tudinal axis of the specimen is at a 4s? angle to the trajectory of the 
impactor. 

Another trend is that similar or identical input conditions 
can result in slightly different but related output variables. For 
example, the platform alterations on primary and secondary flakes of 
crushing, microflaking and microcracking are almost always exclusively 
associated with the use of (hard) non-resilient argillite impactors. 

A third interesting trend revealed by the analysis is that a 
particular feature may be associated with several alternative input condi- 
tions or decisions. For example, primary half cones were created in 
holding positions 4, 5, and 6. Common oy ere such as this in the 
experimental data suggest that before a solid inferential framework can 
be established for interpreting decisions, many more experiments must 
be conducted, employing a much broader range of input conditions than 
those selected for use in the present study. Such an approach could 
lead to the development of a solid inferential framework in which the 
analyst can make probabilistic statements as to the decisions or deci- 
sion sets which led to the production of an attribute or attributes. 


The experimental work which was undertaken in the present 
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study should be viewed as a pilot project. The results obtained in 
the study should not be used as an inferential framework for inter- 
preting prehistoric remains because too few experiments were conducted 
to provide statistically valid results. Nevertheless, it is my belief 
that the particularistic approach suggested here can provide a very 


meaningful avenue for future research. 
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CHAPTER VII 


APPLICATIONS OF THE COGNITIVE MODEL TO TYPOLOGICAL ISSUES: 


A REINTERPRETATION OF THE CLOVIS PROBLEM, AN EXAMPLE 


A. Introduction 


The objectives undertaken in the present Chapter are to 
discuss how decision model types can be created, and what their rele- 
vance is for typological problems. The discussion presented in the fol- 
lowing pages is divided into two major sections. First, a general 
methodological discussion is advanced concerning the application of the 
cognitive model to typological problems. Emphasis is placed on clari- 
fying the attribute concept which underlies the older typologies, as 
well as the one suggested here. In the second section decision model 


types are employed to analyze the Clovis ''migration vs. in situ develop- 


ment'' controversy. 


B. Applications of the Cognitive Model 


The reader may well ask himself, what utility does the co- 
nitive model presented in Chapter I11 have for my typological problems? 
The major value of the model lies in the fact that it provides a sys- 
tematic theoretical framework which can be used in the interpretation 


of prehistoric remains. In other words, it provides a dual body of 
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theory concerning both materials and cognition which can be used to 
help select and define relevant decision attributes, which in turn are 
employed in defining decision model types. The major difficulty most 
analysts will probably encounter if they attempt to create decision 
model types, even if they are appropriately prepared from a theoreti- 
cal point of view, is how to observe or select attributes on prehistoric 
artifacts which reflect decisions on the part of the lithic craftsman 
who made the tool. The answer to this question is not simple and the 
accuracy obtained will be partly contingent upon what level the analyst 
is attempting to characterize. Certainly, as desis Peated in the pre- 
Besa chapter, many of the attributes which characterize the second level 
of decision-making are at present poorly understood and will necessi- 
tate a great deal more research. However, other levels of decision- 
making are more amenable to research. 

Perhaps the best way to gain an understanding of the rele- 
vant attribute categories within the theoretical framework advanced 
here is to attempt to reproduce artifacts experimentally. Such an 
approach forces the analyst to consider the alternatives which are pos- 
sible. as well as the physical limitations the material places on him. 

In rernd iaenng decision model types, it must be understood 
that there are major qualitative differences which exist in the nature 
of the cognitive processes, at the material cognition interface, which 
result in the creation of distinctly different kinds of attributes in 
the postulated levels. The first level which is concerned with materials 
is essentially an additive process; that is, materials are acquired for 
subsequent modifications. The second level which concerns the modifi- 


cation of materials can be characterized as a synthetic process, as a 
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number of input variables are synthesized in the fracture process which 
results in the transformation of materials which are characterized by 
material attributes such as bulbs, ribs, hackle marks, etc. Both the 
internal and external levels of structuring should be viewed as sub- 
tractive processes. The internal structuring level of the model is de- 
signed for the investigation of the relationships which occur between 
constructional unit attributes such as kind of platform preparation, 
direction of flaking, spacing between flakes, etc. Last but not least, 
external structuring is concerned with the investigation of formal out- 
line attributes such as length, width and thickness, which are created 
through the application of internal structural rules. Thus, in sum- 
mary, the cognitive model explains attributes in quite a different man- 
ner than the traditional morphological approaches. In short, lithic 
remains do not manifest just one kind of attribute, but four distinctly 
different kinds of attributes which are created at the interface be~ 
tween cognition and materials, and are based on distinctly different 
kinds of cognitive processes. 

With the recognition of the fact that artifacts manifest 
four distinct kinds of attributes, analysts may employ new methodologi- 
cal procedures in attempting to explain inter and intra assemblage vari- 
ability and regularities. Traditional morphological typologies have 
placed major restraints on creative thinking, as morphological types are 
commonly based on prior assumptions at the class level. For example, a 
projectile point type might be described in terms of outline form pro- 
perties of specimens. Likewise, the same procedure may be applied to 
knives. The problem with this procedure is that there are generally not 


any clear-cut criteria stated for distinguishing if a specimen belongs 
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in the class projectile point or the class knife. Problems such as 
this can be avoided by using a great deal of care in constructing at- 
tribute lists. Assumptions such as these can be prevented through the 
use of inferential statistics. Rather than investigating the variability 
of types which exist in an undefined class, it is a much sounder proce- 
dure to define one universe of investigation. Obviously, the size of uni- 
verse chosen for investigation will vary from problem to problem. How- 
ever, to avoid the issue of inserting typological assumptions into one's 
attribute list, it is contended that all stone implements should be 
coded and subjected to statistical analysis at the same time. 

The question may arise as to what attributes must be present 
on a specimen before it can be admitted to the universe. The answer 
is that specimens must exhibit one or more of the following characteris-~- 
tics: crushing or scratching on a platform area, lip on ventral side 
of platfort: bulb of force, hackle marks, eraillure flake, ribs, and 
intersection of flake surface on dorsal face which forms some sort of 
ridge. If specimens do not exhibit one or more of these features, they 
must be considered to be non-artifacts or belong in some other cultural 
domain. 

The Nitieene of investigation which might be constituted from 
a number of assemblages (populations) is subjected to evaluation in light 
of a structured attribute list. As previously mentioned, artifacts ex- 
hibit at least four kinds or levels of attributes and therefore these 
differences should be taken into consideration in constructing an attri- 
bute list. The attribute key should be structured so that attributes 
from each of the respective levels are grouped together so that data 


created by distinctly different kinds of cognitive processes are not 


WSS. cnigquey tty; bagmavasy, a neo peri! 


i ce 


vrifideinsy att gel apidaavnl medtg: pedaall 
82914 TebrieR evan 6» zi Aly -2e0fo:boni tabow ne: ai 
lay. to ote ot itavoi vd nol revi resyn' tovaereviaws 
“wtih: .tefdend o@ msidong mont: view ibe: oot sgh 2eae%. 10 
2'ano ojo! eaoisqmuers lesteebaend abissesnt! ‘to. oueel “sit} tbh | 
od bluona sinsestaml snotz Mis: atic babesnos a i a 4 
omit amee arty te viegtang) See of ‘vosaoisue 


inacaig ad teum 2otudiig36 Dedw Of ae aly yen not seoup at Be 


tawens aff .seriavinu 93.99 bata imbe ad) ngaoat semen 
a a 


st Pi eis, ned iB: i 
gbie [sn taawe no gii , 6% motrate: & nO ended ; sat 2 
bie adiy vetlel? owt here earn ofiaed ceshoh nesta 
Yo d1e8 atede. em0F Agi hee wat Is2t0b.n0. sontie sal 
Yons , 2enunES? peat? © sem 1 90 ri dirs, son arama 
Si? {no Nedso: onnaz. ak ened q0 pasePanernan 


~#iyazasieds eniwoliol adh te. sa0m 10,900 / didi a 


i ¢ i i? e 7 
i . ; On “Fi 
; : 


mov be las i gerte> ae) fo ion rotanelgzevni Yorpanav nite 


asia srotwiadts bas — ‘te sein 0 abit uot wane Bi 


git 


“have 6 pabzaun sang ni nai tnableadaioini ae 


eotudinise teva. a2 vonusaun se od ohuan'e Yaak pad i 398 os 
Pah ee, 


Cy ao 


63eb adr ov. 19d4 ‘elavel subse 2. ont 
ae ae 
$0n, 298 a2zscotm euighabys 9 mente: inenp3tib: ¥igo ! e aoe 
) a ED Unga a str Abit i waves Pith s 
| | a0 oe ‘ eee. 
»- 7 ory i. > 


mixed. Data structured in this manner then may be subjected to a vari- 
ety of statistical manipulations which are selected in reference to what- 
ever happens to be the analyst's objective. 

Not all levels of the proposed model have to be reflected 
in the attribute list. As previously indicated, the position taken here 
is that a highly complex dynamic interaction occurs between the input 
and output variables. It is a dangerous procedure to make inference 
from the output as to what the input variables were when evaluating a 
prehistoric specimen, unless one has control information available for 
interpretive purposes. Perhaps for the average archaeologist it would 
be best to drop this level of analysis when constructing his attribute 
list. Also, it should be pointed out that if the analyst wishes he can 
include other levels in the attribute list than the ones mentioned 
here. For example, functional attributes can be included. However, it 
should be noted that functional attributes may also be the product of 
a dynamic interaction between cognition and materials--much in the same 
way as is the second level of the model. If technological and func- 
tional attributes are included on the attribute list, it is worth remem- 
bering that at present no solid inferential frameworks have been estab- 
lished which can be Metis aa for the interpretation of these kinds of 
attribute patterns. 

The analyst is on much safer ground when he attempts to iden- 
tify attributes in the first, third and fourth levels of the model, 
as their creation resulted from fairly straight-forward processes. As 
for the first level, methods for material identification have been well 
worked out in the discipline of geology. The third and fourth levels, 


which investigate the subtractive processes involved in tool production, 
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do not require the analyst to undergo extensive training so that he can 
construct meaningful attribute lists. The stimulus for the attribute 
classes which are created should come from the artifacts themselves. 
What is involved is nothing else than straight observation. Once a set 
of statistics is selected and the data are computer-processed, hypothe- 
ses must be advanced to explain the resulting statistical patterns. 
Hence, the analyst's perception is strongly influenced by prior know-~ 
ledge at two stages of investigation: when attributes are selected 

and when attribute clusters are interpreted. Thus, it seems unlikely 
that it will be possible to remove these subjective elements from the 
analysis. However, it is certainly possible to improve one's theoreti- 
cal and practical knowledge through reading, by performing practical ex- 
periments and by viewing the movies which are now available regarding 


tool making. 


Cs Reinterpretation of the Clovis Problem 


Once decision model types are created, they can be used to 
help resolve typological problems which entail decisions regarding the 
separation of the fundamental cultural processes of migration, diffu- 


sion, in situ development and trade, as well as linking different as- 


pects of a seasonal round of activities by the same cultural group, all 
of which are responsible for the creation of inter and intra assemblage 
variability. In other words, before prehistoric culture systems can be 
defined in light of their major limiting factors--time and space--assem- 
blage variability on which such definitions rest must be explained. In 


attempting to demonstrate the utility of decision model types, the con- 
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troversy as to whether Clovis assemblages involve migration, diffusion, 


or in situ development is examined. 


—— 


1. Literature Review 
Vance Haynes (1964, 1966 and 1970) postulates a single 
Clovis migration from the Old World on the basis of a series of radio- 
carbon dates from the southwest and southern and west central plains to 
explain the sudden occurrence of Clovis projectile points and other 
associated material remains. These dates cluster between 11,500 and 
10,600 years B.P. (Haynes 1970:79). Haynes is cognizant of the vari- 
ability of Clovis assemblages. However, he explains this variability by 
subsuming it in his migration hypothesis with the suggestion that there 
is as much intra-site variability as inter-site variability (Haynes 1966). 
Alan Bryan (1965 and 1969), on the other hand, postulates the 


Clovis tradition represents an in situ development. He argues that the 


one 


Clovis tradition developed in the Americas from a pre-existing large 
leaf-shaped point tradition that had arrived in early or rid dl eee eonsin 
times: Furthermore, it is suggested on the basis of both faunal and 
geological evidence that the Keewatin and Cordilleran ice sheets were 
coalesced as late as 9,000 years ago. As the ice retreated it is sug- 
gested that the Paleo-Indian traditions also moved northward. 

As the above argument now stands, it is based on geochrono- 
logical evidence, and its resolution can only come about through more 
field work which involves the location and dating of more Clovis sites 
which exist in key topographic positions. Although there are a number 
of peripheral arguments which surround the Bryan-Haynes controversy 
regarding geological interpretation and the modicum of information 


which supports the large leaf-shaped point hypothesis, the objective 
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here is to examine an aspect of the argument which is commonly overlooked 


because of the emphasis of traditional typologies on outline form. 
2. The Clovis Technological Transformation 


a. The Sudden Appearance of the Clovis Tradition 

The questions at stake here are how to explain the sudden 
appearance of Clovis assemblages which do not have any clear-cut ante- 
cedents, and what is the meaning of inter and intra-assemblage vari- 
ability? In attempting to answer the first question, let us look at 
the operational nature of the cognitive tool making model depicted in 
Chapter III, Figure 1. It is clearly a hierarchical flow structure 
constituted of a series of levels. In an article entitled, ''Hierarchi- 
cal Restructuring'', John Platt (1970) indicates that one of the charac- 
teristics of hierarchical flow structure orgnizations is the periodic 
occurrence of self-generated jumps which results in the transformation 
of the flow system organization. Platt does not deal with specific 
causes leading to structural reorganizations; however, without question 
innovation and the diffusion of innovations are prime causal candidates 
for implementing technological transformations when dealing with tech- 
nological systems. 

In returning to our question concerning the sudden appear- 
ance of Clovis, it is postulated here that a fundamental innovation 
occurred at the materials level which triggered off a set of reorganiza- 
tional and innovative events in the higher decision levels involved in 
tool production. Furthermore, it is argued that the appearance of the 
Clovis tradition represents a cognitive shift which involved the re- 


structuring of tool making grammars, and that one should not neces- 
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sarily expect the antecedent of the Clovis tradition to be tool forms 
which are similar in appearance to Clovis artifacts. 

It is postulated that heat treatment was the catalytic in- 
novation which set off this chain of events. Crabtree and Butler (1964) 
were the first to report on the widespread aboriginal use of heat 
treatment for the alteration of silicious materials, so they would be 
more amenable to flaking. Crabtree has observed that jaspers, cherts, 
and flints used by aboriginal peoples are extremely difficult to pres- 
sure flake in their native state. But when these materials are heat- 
treated, they acquire a dull, greasy lustre and may readily be pressure 
flaked. Purdy's (1970) and Purdy and Brooks' (1971) quantitative studies 
on Florida cherts indicate thermal treatment of silicious materials re- 
sults in: (1) the removal of interstitial water; (2) certain non-Si0, 
materials fluxing together as microcrystals, and (3) minute amounts of 
iron being responsible for color changes. Another change which is ad- 
mittedly subjective in nature and which has not been noted by either 
Crabtree or Purdy is the relief of internal stress fields through ther- 
mal flexing of the material. 

Out of the above-noted changes the one of major evolutionary 
consequence to Hithi@puceuneteay is the fluxing which takes place be- 
tween microcrystals. Crabtree and Butler (1964) have noted that ther- 
mally altered materials flake more readily than before they were heat- 
treated. | suspect the underlying explanation for this phenomenon is 
that the voids between particles and/or microcrystals provide inter- 
facial free surface boundaries iach interfere with wave reflections 
and refractions which accompany the normal fracture process. However, 


when fluxing occurs these voids are bridged, thus removing the inter- 
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facial boundaries between microcrystals, thus permitting cracks to 
propagate much more readily. 

The first recorded occurrence of heat-treatment in the new 
world may be a chalcedony artifact associated with a radio-carbon date 
of 12,500 B.C. + 500 years at Wilson Butte cave in southern Idaho (Crab- 
tree 1969:366); however, apparently this thermal treatment technique did 
not receive widespread application until Clovis times. The invention of 
the thermal alteration process permitted tool nakere in the Clovis tradi- 
tion to tap the extensive North American Cretaceous flint deposits 
(Shepard 1972:40), as well as chert formations from which most refined 
Clovis implements were manufactured. 

The essence of the heat treatment discovery to lithic tech- 
nology in general is that its application resulted in the creation of 
an essentially new material which enabled artisans to apply new pro- 
cedures to fashion implements. It is no accident that the earliest pro- 
jectile point traditions are coincident with the appearance of heat- 
treated materials. By thermally altering materials, early artisans were 
able to change the material parameters which had previously limited their 
ability to produce more sophisticated tool forms such as pressure flaked 
projectile points. The transformation which occurred resulted in re- 
structuring and expansion of procedural rule repertoires, which in turn 
permitted the tool maker to gain a greater degree of control over vari- 
ability which commonly accompanies the fracture process. 

In summary, it is here suggested that to search for the 
antecedents of Clovis tool forms as one would search for early evolu- 
tionary forms in a paleontological sequence will be a futile effort. 


Rather, heat-treatment changed and expanded the limiting parameters 
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placed on the tool making behavior of early artisans. This shift per- 
mitted craftsmen to restructure and add to their repertoire of proce- 
dural rules, a situation which enabled them to produce a much wider 


and new array of tool forms than had been previously possible. 


b. Migration, Diffusion or In Situ Development 


Now let us turn to the second but related question of 
determining if the emergence of the Clovis tradition represents a single 
migration, or diffusion and in situ development. One point must be 
made explicit before proceeding, for the levels in the proposed systemic 
model are untested hypotheses concerning the operational nature of cog- 
nition. Although these hypotheses are testable, they have not been ap- 
plied in contemporary cultural situations. 

Questions concerning the identification of migration, dif- 


fusion, in situ development and trade can be resolved by employing a 


special analytic procedure which is termed cross level analysis. One 
way of conducting this kind of analysis is to predict oe kind of inter- 
level patterning which would be expected to accompany a particular kind 
of process. Next, these predictions can be tested by making actual ob- 
servations on artifacts recovered from distinctly different assemblages. 
What follows is an example of this form of analysis. 

If the sudden appearance of the Clovis tool making tradition 
represents a single population of immigrants, as Haynes (1967 and 1969) 
has suggested, one would expect a high degree of intra-and inter-site 
homogeneity in all procedural levels when the same materials are used. 
On the other hand, if resident populations existed, as Bryan's (1969) 


hypothesis indicates, one would anticipate quite another form of cross 
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level patterning in making interassemblage comparisons. 

In attempting to understand the nature of patterning which 
would occur if in situ development and diffusion were the case, it is 
instructive to review what is known as the ''Deutsch Theorem'', which 
states, ''that any restructuring (in hierarchical structured flow sys- 
tems) has to be built around the largest well-functioning sub-systems 

. '' (Platt 1970:52). What this means in terms of our problem is 
that if ideas concerning technology are restructured, the restructur- 
ing is guided in terms of a higher stable subsystem. In our case we 
would have to postulate that a variety of areal cultures had a super- 
structure pattern based on big game hunting. Undoubtedly innovations 
such as heat treatment and the pressure flaking which enabled artisans 
to make projectile points would have increased the efficiency of the 
superstructure pattern and could have readily diffused cross-cutting 
cultural boundaries. If the fundamental ideas of heat treatment, pres- 
sure flaking and the production of fluted points diffused across cultur- 
al boundaries of resident populations, one would expect inter-assemblage 
variability when comparing manufacturing procedures within the confines 
of the upper two levels. The rationale for this idea is that although 
certain new unique procedures may diffuse, the majority of procedural 
rules in a system will simply be restructured within the recipient cul- 
ture to fulfill the objectives of a new goal. Thus, one would expect 
intra-assemblage homogeneity but inter-assemblage variability at both 
levels. 

In attempting to test the validity of the postulated cross 
level patterns, one class of artifacts--projectile points--from four 


Clovis sites will now be examined. Included are specimens from the 
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Anzick site located in southwestern Montana, the Simon site of south- 
central Idaho and the Naco and Murray Springs sites which occur in 
southern Arizona. These four sites have been chosen for two reasons: 
the Anzick and Simon sites are separated from the Murray Springs and 
Naco sites by a considerable geographical distance; secondly, each site 
is Bee sGtee ced by a substantial projectile point collection which 
facilitates the task of conducting meaningful inter-assemblage compari- 
son. 

A photo-inspectional methodology was employed in conducting 
the comparisons. Colored 135mm photographs of the Anzick, Simon and 
Murray Springs artifacts were compared with each other, as well as 
with Haury's (1953: figures 6-7) black and white plates. In addition, 
information on the Simon and Anzick specimens was acquired through 
first-hand observations. Mention should be made of the fact that these 
comparisons were made possible by the generous contributions of Earl 
H. Swanson, who made available the Simon Casts for study and photo pur- 
poses, and C. Vance Haynes, Jr., who sent colored slides of Murray 
Springs artifacts recovered from activity areas 4-8. Also, if the 
reader is interested, Butler (1963) has illustrated the Simon collec- 
tion. | 

The descriptive observations which follow are structured 
in view of the results obtained from the comparisons. Since the pro- 
duction strategies used by the Anzick and Simon craftsmen are identi- 
cal, as are the Naco and Murray Springs strategies, the following or- 
ganizational pattern is used to present this information. First, the 
Simon and Anzick specimens are described in terms of the upper two 


levels of the cognitive model. Next, the Naco and Murray Springs tool 
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making procedures are described and then contrasted with the northern 


Clovis assemblages. 


c. The Anzick and Simon Collections 

The Anzick site is a Clovis burial locality situated in 
southern Montana, near the small community of Wilsall. The site was 
accidentally discovered in 1968 when two construction workers were re- 
moving fill from under a collapsed rock shelter. The red ochre-covered 
remains of two sub-adults were found in association with over 100 stone 
and bone implements (Lahren and Bonnichsen 1972). 

Like the Anzick site, the discovery of Simon site was made 
through a fortuitous discovery by Mr. W. D. Simon while scraping a 
roadway along the edge of a plowed field near Fairfield, Idaho. As 
Butler (1963:22) indicates, the brief road-scraping episode resulted 
in the complete removal of an artifact bearing level which was appar- 
ently extremely limited in extent. 

The Simon site may also be a burial locality. eho uah no 
human skeletal material was found at the site, several other lines of 
evidence support the burial hypothesis. A few of the artifacts still 
have bits of red ochre in cracks and crannies on their surfaces, as 
do the Anzick specimens. The site is obviously not a work shop as no 
flaking debris was found, and furthermore the composition of the arti- 
fact assemblage is quite similar to that of the Anzick collection. As- 
semblages from both areas are predominated mostly by exquisitely-made 
bifaces and projectile points which were produced from aesthetically- 
beautiful materials. | 


The stone implements from the Anzick site are made from 
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Madison limestone formation cherts which occur in many different facies 
in western Montana and Wyoming. In attempting to determine if the 
Anzick stone artifacts had been heat-treated, samples of fresh, non- 
weathered Madison limestone flints were collected from the Van Auchen 
Quarry near White Sulphur Springs, Montana, so that heat treatment ex- 
periments could be conducted. The yellow-brown flints placed in sand 
under 4 small charcoal biscuit fire for two or three hours exhibited a 
major color change. A red rind less than a centimeter thick appeared 
on the surface, and when it was removed by flaking the interior of the 
experimental samples had become darker and acquired a greasy lustre. 

It is of no small interest that the single blade recovered 
from the Anzick site exhibits the same red rind, which is a product of 
thermal alteration, as do the experimental Specimens. Further evidence 
of heat treatment of the Anzick specimens is documented by the existence 
of relict dull areas surrounded by vitreous flaked surfaces on several 
specimens. These dull areas indicate that a portion of the specimen 
had not been flaked subsequent to thermal alteration (Purdy 1971:91). 

A well-defined tool producing strategy was employed by the 
craftsmen who made the Anzick and Simon specimens. The normative in- 
ternal structural relationships (the third level of the cognitive 
model) which cross-cut both projectile point and biface specimens wil] 
first be examined. Continuous longitudinal platforms were prepared for 
the removal of thinning flakes by trimming edges as a HG angle, creat- 
ing a continuous platform from which flakes can be removed. Remnants 
of these platforms can commonly be seen along artifact edges. The 
act of preparing a continuous beveled platform as a single operational 


procedure permitted artisans to shape the outline form of the specimens. 
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Spatulate flakes were directed from the beveled platforms 
horizontally toward the midline of both bifaces and projectile points. 
The spacing between flakes, particularly in the projectile points, is 
highly regular, suggesting the use of a pressure flaker. Some of the 
spatulate flakes which were removed from the bifaces are very large, 
suggesting that a punch may also have been employed. When analyzing 
stone artifacts, in some instances it is possible to determine the 
direction in which the tool maker worked when removing a sequence of 
flakes from a point. However, this is not the case with the Anzick 
specimens, as sequences were interrupted to remove high spots from 
the artifact face undergoing modification at the time. Last but not 
least, it should be noted that the edges of the spatulate flakes do not 


merge until a few centimetres in from the edge of the artifact. In 


effect, a triangularly-shaped remnant surface is left between the flakes. 


In some cases this remnant has subsequently been purposefully removed 
when thinning and sharpening the edge. 

Now attention will be turned to describing the external 
structuring or outline form of the two collections (the fourth level 
of the cognitive model). The overall similarities between the two 
collections are Sani Aiki bi oe The Simon projectile points are, on the 
average, slightly longer than the Anzick specimens. The points from 
both sites are characterized by having slightly concave bases and 
straight, lateral edges which converge to a tip creating a triangular 
lanceolate outline form. Cross-sections of the specimens tend to be 
flat as a consequence of the use of the beveled edges for the removal 
of spatulate flakes. Since there was no dominant center ridge to guide 


the flakes detached in the fluting process, the flutes tend to be short. 
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Edge grinding occurs in the concave base and down the lateral edges to 
a point which is adjacent to the terminal ends of the flutes. 

A great deal of variation exists in the outline forms of 
the biface forms from the.two sites. The range of variation forms a 
continuum of small to large and from ovoid to bipointed. To date, no 
statistical analyses have been conducted to determine the modal tenden- 


cies of this variation. 


d. The Murray Springs and Naco Collections 


The Naco and Murray Springs sites of southern Arizona repre- 
sent quite different facies of the Clovis tradition than the northern 
burial sites. The eight projectile points Haury (1953) illustrates were 
associated with a Columbian mammoth kill site, and the specimens re- 
covered from Murray Springs are associated with a campsite where tool 
making activities were carried out. 

The internal structural relationships which characterize 
the Murray Springs and Naco projectile points will not s discussed, as 
bifaces do not occur in significant numbers. One of the key differ- 
ences which separates the Naco and Murray Springs projectile points 
from the Anzick and Simon specimens is the kind of platform preparation 
that was employed. The southern specimens do not exhibit the beveled 
platform remnants so characteristic of the northern fluted points. In- 
stead of preparing a continuous platform, the tip of the flaking imple- 
ment was apparently placed on or slightly behind the leading edge which 
was being subjected to pressure flaking. The highly-acute platform 
angles were used in the removal of spatulate flakes which were directed 


toward the midline of the specimens. The spacing between the spatulate 


a amin ol aici” 19 apne87 adT | Biteeraeseie yess | 
- 
,stsb of ubataloqid ot bisud mon), ‘oe spiel: nm 


a 
i] 


Of 45 
-nebniel abo on etit saimsieb of) betoebnas” ond ove amen ign 
san hay ; j he snotaet vena 
= i 
ennitastiod O26 i bne again 5 
*syca1 snosi TA 7" aaiben to 29312 bid aoa be es oat 


oft nett nolsibent steaks ont We: 2oioei inona¥i}b 
i Pit 


gisw zsieizeuili (£8@)) youer i Ni pelea ‘Mole sit ie 


ee yt ee 
Miers ton 


) Ua ae os oy Ap yl 
“gy anemiasqe odd bee ,otie ri dzoumem ris din Fo e d3iw i nS 
‘ im <a bi 
foos Siarw atiz2qnbo & Met bassisoze6 S16 Cool ial \enuthoord 
' ie ea oye ve Lae= eae a 
tuo bel+i62 sew eal: ivid 
: sa ty bins rita 1 cary % YY Gr SeNte 
asinszoetain Hoinw sultanolieley Hewsouite heat edt oe ae 
lal See tr iva i 
26 euselb ad ton (lw 2iniog oi tiaoiena ConA pia epnirg? ve 
| Ahem hide a ; 
=33 TED vou sit to a akadmad sneoi tingle ab 1920 yon. ob 29; 
ce hy Ve ie Ate * v 7 . 
2tniog ofidseiorq sbi rae ent ees os ods soiaiagee bee 
> hh Shee Ne Walaa tie pl betas aS 
Roliatsae7g wiotzelq 7 Binta saa el anani 2992 cela be. 4oiscN ody 
‘da Weal Bi ue pughetaan’s Pash eed, eM 
baisvad ati sidiaecs fon ob. easel zeae Hs ee oat -beyatqme. @ 
oe | Ay Rae 2 hal An a: u 


hve Aa 


“a4 sakdablats beduit avadanen ont 7B pide tretastarts oz hinges) m1 bs tia 
fds RE dah ne ce 
~ fig gaisiel att ums os modsalq evoun) 3089 & pniveqenq te 


att) ae? case 
fisidw seba poibes! sag obi xladgite 400 baveta bao dita ih tow 3 
Ue Tk, ee Aa po 


motzsig stnaney ie eat .gakael?. sweeeng oF bs 29 Lk cow 
die ee a: af Ha i) 


basaeiib syoe ral dw satal® sseluseae 40 \evomey ony al beau rai 28 


Lie fee anes Se py ah ‘alis. i 
‘ete{vinge oft wseewites onkanad Say -anamiveae a4 Yo 10 oni ibim 3 are evs sna 
7 etd ar AL a atti a, gi?) Fs Laat ene f 


195 


flakes is quite regular, indicating that artisans had a considerable 
amount of control over their material and suggesting the use of a pres- 
sure flaking implement. It was impossible, due to the average quality 
of the photographs, to determine if the spatulate flakes were removed 
in a definite directional sequence. The triangular-shaped remnants 
left between the proximal ends of the expanding spatulate alte were 
removed in almost all cases, leaving a rather sharp edge on the pro- 
jectile points. 

Now attention will be turned to the description of the 
outline form (the fourth level of the proposed model). The outline forms 
of the Murray Springs and Naco projectile points vary significantly 
from the northern specimens. The point bases are substantially more 
concave and the lateral edges expand outward from the base to mid- 
length of the point before swinging back and converging to a tip. Thus, 
the excurvate sides of the specimens approximate a leaf shape with the 
exception of the base. 

The cross-sections of the southern points are much more 
lenticular than the Anzick and Simon specimens. The reason for this 
lies in the fact that cross-section profiles are mechanically linked 
to the kind of Bac Roen preparation employed. As will be recalled, 
the Ms angle levels used in the production of the Simon and Anzick 
specimens resulted in moving the leading edge closer to the face from 
which the spatulate flakes were removed, and thus created a flat cross- 
section. In the Naco and Murray Springs specimens the leading edge 
from which flakes were removed was centrally located between the sides. 
The ultimate effect of this procedure led to the creation of lenticular 


cross-sections. It is interesting to note the length of flutes in the 
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south are generally longer than the north. Undoubtedly the lens-like 
cross-sections provided more of a central ridge to guide the fluting 
flakes than did the flat cross-sections of the northern points. 

Many of the descriptive statements which have been advanced 
in the foregoing pages aie qualitative judgments. However, it should 
be pointed out these evaluations can be verified by conducting a much- 
needed quantitative investigation. If all the specimens would have 
been available for investigation, an analysis of this nature would have 


been undertaken. 


D. Summary and Conclusion 


The objective of the present Chapter has been to discuss 
how decision model types are created and what their relevance is for 
typological issues. The position has been advanced that the analyst 
should not attempt to construct types without a body of theoretical 
knowledge which can be used to help frame meaningful categories. The 
model presented in Chapter II!, Figure 1 provides an interpretive 
analog based on a dual body of theory concerning both material and 
cognition, which can be used to explain material remains. It has been 
postulated that there are at least four distinct kinds of attributes 
which are created at the interface between cognition and materials. 
The cognitive processes involved in tool making are not synonymous at 
each level. Rather, the first level, the collection and selection 
of materials, represents an additive process. The second level in which 
fracture is initiated entails a dynamic synthetic process in which input 


variables are combined in unique combination for the production of a 
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desired output morphology. Both the third and fourth levels are sub- 
tractive processes which are used to shape materials into desired forms. 

In view of the fact that artifacts do exhibit distinctly 
different kinds of attributes, it has been suggested that attribute 
lists should be prestructured so that attributes from each level will be 
grouped together. Once attributes have been selected and placed in 
their respective levels and the appropriate statistics which group attri- 
butes into decision models, the analyst may choose to conduct a special 
kind of investigation termed cross level analysis in attempting to sort 
out which cultural process, or combination of processes, are the most 
likely candidates for explaining intra and inter-assemblage variability. 
As an example of this form of reasoning, the cognitive model approach 
utilizing a cross ievel analysis was employed in re-evaluating the 
Clovis controversy. 

Vance Haynes (1967 and 1969) and Alan Bryan (1965 and 
1969) have postulated two competing alternative hypotheses to explain 
the occurrence of the Clovis tradition in the New World. Haynes sug- 
gests that since Clovis sites consistently date between 11,520--10,960 
years ago and that there is no clear-cut antecedent to the Clovis tra- 
dition in the New wad this evidence most clearly supports a migra- 
tion hypothesis. He therefore argues the Clovis immigrants came to 
North America from the Old World via the Bering land bridge. Bryan 
(1965:14-19) proposes a counter-thesis which is based on a biological 
model. He argues that large leaf-shaped points are the logical ante- 
cedents as well as the catalytic agent which led to a multilineal de- 
velopment in which a number of distinct projectile point traditions 


emerged. In Bryan's evolutionary model Clovis is one of the most sig- 
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nificant of several traditions which developed at approximately the 
same time. 

In attempting to come to grips with the Haynes-Bryan con- 
troversy, a major point became apparent from the outset. Both inves- 
tigators use the same form of reasoning and are concerned with the 
origin question of, ''Where did Clovis come from?'' The emphasis of 
these studies is on what is here termed ''lineal or evolutionary think- 
ing''. Major points of contention have arisen concerning the interpre- 
tation of carbon dates and as to what constitutes the evolutionary ante- 
cedents of the Clovis tradition. 

An attempt has been made to re-evaluate the Clovis problem 
by employing the upper two levels of the proposed systemic cognitive 
model advanced in Chapter III. In trying to unravel the complex question 
of whether or not the sudden appearance of the Clovis tradition repre- 
sents migration, diffusion and/or in situ development, two related ques- 
tions have been examined in light of the hierarchically-oriented cogni- 
tive flow structure model. 

The first question dealt with concerns the sudden appear- 
ance of the Clovis tradition which does not have any clear-cut antece- 
dents. The hypothesis has been advanced that a single invent ion-- 
thermal alteration of lithic materials--greatly altered the nature of the 
relationship which existed between man and materials during the Clovis pe- 
riod. The limits placed on tool making behavior were greatly relaxed as 
an essentially new material was created as a consequence of heat treat- 
ment. The changes which occurred permitted creative artists to restruc- 


ture as well as expand the procedural rules used in tool making. 


~savieh A39G8 \- dieeduee ahd mord ononste esa wi | 
ec? iaiw bermasnone1s big, oninpias’ 40 mo? 

to 2iesrqme nat ad amon 2iveld bib: ition) me 
~inid’ yisnoitulovs o-tooel tt bewras aed. eh sete TiO. ah 
“siqiaini st poinisanos ne2ive Svea, noisnaanag~to esnien 
“gine yincoi sulova ey 2adusiganod setw OF: 26 bas’ 266 9 
‘aod sibea: @ivold. a 

miidoig, zivold add etéul svetsy, Of) shen need: eed) qne326 A 
avizinpo> oimeaeye beroqong: ath te elaval Ont ith os) 3 
neltesup xelqmes) eds leveiau-o2 paiy mt oD eames) ov +E) 
1qa1 noitibayt eivol2d oA% To SONS TBIGGE, nabbue oth, 009 
-2gup beisis: owl, snemgoleved bs nt ao\brs. noieuttib not} 
-inpoo bednsizo-yi tis Aidit aie ons ¥0 snpit: att ‘nonimaxe sod 9 
4 | wit 34 pont snusouvie 0 


1s8Eqd6 nabhus add 2qneano2 asi iw ti eeb. col }eoup: seni? ait ; 

-9993ne. Jua“1seld: yas) ved ton ‘200k pice potseea oe | 
~-nol tjagvad stonis B eds posianvbe: naed )26t eizensoqye’sdt 

sf? Yo aiudsan ‘on bsiatios ylassyp-*2lgivezem aidgit meee 

~9q 2ivel? end patayd 21 qi resem bie sem noswaed: baseixeiaidwaid 


2n boxeley yiissve srw 101 varied: gatdon: los no basal a. paneer ‘ 


4 
ee 
“36971} Jeon I> sonsupsses) 6 26. beteor2 abe fofresen won yiteitoatee om iv, 
“598 a 
Pisin \ 
”! 


“Sys2or GS eteisre ol ae) betsimeg sede eaidinih daidw. copretts oat) 


‘griven (osten} boeu eotuy tewbes0re ora bean. 28 Hoan om 
ay, ap Big i lt Pde fe we 4 i plies 


Although the heat treatment hypothesis is quite logical, 
it is at present not fully confirmed. Certainly the data examined 
from the Anzick site support the hypothesis. The fact that projectile 
points from the other three sites are pressure flaked and the fact the 
photos illustrate the greasy lustre quality mentioned by Crabtree and 
Butler (1964), provides partial confirmation of the widespread use of 
heat treating techniques in early times. Since the criteria presently 
available for distinguishing heat treatment is rather subjective, posi- 
tive confirmation of the above hypothesis must await the development of 
new quantitative techniques. It seems highly probably that the non- 
destructive sonic velocity techniques which measure the elastic moduli 
of materials might actually be applied to archaeological specimens to 
determine whether individual specimens are heat reseeaes It seems 
probable that the innovation of heat treatment enabled the early Ameri- 
cans to tap extensive deposits of flints and cherts across the country 
as a consequence of the structural reorganization and acquisition of 


new procedural rules. The Clovis period witnessed a virtual population 


explosion of new tool forms, i.e., projectile points and large, thin bi- 


faces, which need not have had any clear-cut antecedents. 
The second and perhaps more fundamental question which is 
dealt with in light of the systemic model concerns, ''What is Clovis?'' 


An attempt is made to sort out the migration vs. diffusion and i 


situ 


development hypotheses by employing an analytic procedure here termed 


cross level analysis. This method provides the investigator a means 


for systematically investigating inter-assemblage variability. Artifact 


3 


Dr. David Cruden must be given credit for this insightful suggestion. 
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assemblages from four sites--Anzick, Simon, Naco and Murray Springs-- 
were analyzed in terms of the procedural rules used in their produc- 
tion. Only the internal and external levels of formal structuring were 
incorporated into the analysis. 

The proposition was advanced that if a single population 
of immigrants were responsible for the production of Clovis sites, a 
high degree of inter-site homogeneity should exist in all procedural 
levels. On the other hand, if in situ development and diffusion are 
the major processes responsible for the widespread but contemporaneous 
occurrence of Clovis sites, one can expect quite another form of pattern- 
ing in making cross level interpretations. Although certain new unique 
procedures may diffuse, the majority of procedural rules in the system 
will simply be restructured to fulfill the objectives of a new goal. 
Thus the analyst should expect intra-assemblage homogeneity but inter- 
assemblage variability at both levels. 

Two major contrasting patterns emerged as a consequence of 


the study which support the in situ development--diffusion position. 


—— 


It was found that a high degree of homogeneity exists between the Simon 
and Anzick site specimens. Likewise, identical production procedures 
were apparently used in producing the Naco and Murray Springs projec- 
tile points. However, considerable variance exists in the procedures to 
make fluted points between the north and south. A major characteristic 
of the strategy used in the north was to produce continuous 45° angle 
platform edges from which large, thin spatulate flakes could be removed 
for thinning purposes. In the south the leading edge of the specimen 


from which flakes were removed was maintained at an equidistance from 
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either side. The effect of using this kind of platform as opposed to 
a beveled platform resulted in the production of specimens which have 
a lenticular cross-section. 

Several major differences also occur in outline form. While 
the northern specimens have a slightly concave base and short flutes, 
specimens from the south are characterized by deeper concave bases and 
longer flutes. The Naco and Murray Springs specimens have lateral edges 
which expand outward from the base approximately to the mid-length of 
the point before converging to the tip. Thus, the southern points have 
a leaf shape, with the exception of the base, whereas the straight-sided 
northern points have a triangular outline. ° 

The above differences clearly ameate that the variation 
which exists between the northern and southern specimens is the product 
of distinctly different decision models in tool making operations. 
Therefore, on the basis of the qualitative data which has been advanced, 
it seems likely that the widespread occurrence of fluted. Clovis points 
does not represent the activities of a single cultural group. Rather, 
it is hypothesized that the diffusion of a single innovation--heat treat- 
ment--made it possible for pre-existing resident social groups to re- 
structure and add est rules (including the concept of fluting) to their 
tool making procedural grammars. 

The subsystem or pattern which cross-cuts or links local 
groups in the Clovis tradition was the practice of hunting big game 
animals and common hafting methods. With the advent of heat treat- 
ment and pressure flaking there could be little doubt as to the utility 


of these inventions for improving the existing weaponry system. 
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CHAPTER VIII 
CONCLUSION 


A. introduction 

The question of how prehistoric cultural systems can be 
isolated in time and space, using lithic remains as a data base, has 
been examined in the foregoing study. Two major alternative analytic 
frameworks have been outlined referred to as the morphological taxono- 
mic approach and systemic cognitive model, which can be used for re- 
solving this question. The merits and shortcomings of these two ap- 


proaches are synthesized in the following pages. 


B. The Morphological Taxonomic Approach 


The fundamental premise was established at the beginning 
of the discussion that the investigation and interpretation of prehis- 
toric phenomena, in particular lithic artifacts, must be interpreted 
in light of a known system. In other words, the known provides a frame- 
work for interpreting the unknown, and one's reconstruction cannot be 
any better than the analog framework which is employed. Using this basic 
axiom as a guideline, morphological taxonomic approaches were evaluated 
in terms of their use of inferential procedures in the identification 
and classification of attributes in creating types and in terms of the 


systematics employed. 
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There are three kinds of analogs--ethnographic, projective 
and experimental--which provide the inferential frameworks for the ident- 
ification and classification of lithic remains. As has been exemplified 
in Chapter I1, taxonomic schemes based on these analog procedures suffer 
from a number of naphodalenaacal difficulties. To begin with, ethnographic 
analogs have a very limited utility in the development of cross-cultural 
scientific classification systems. In most areas of the world stone ma- 
terials were rapidly replaced by more durable metal items. In fact, 
there are no ethnographic studies in which the tool making behavior of 
a single social group is systematically analyzed. For the most part, 
the accounts which exist were made by travelers, historians and ethno- 
graphers; and record the occurrence of individual specimens and occa- 
sionally Some aspects of the technological patterns used in manufacture. 
Such accounts may not reflect the normative tendencies of group behavior, 
and it is common for technological sequences to be inverted as early ob- 
servers lacked the technical background to appreciate the sophistica- 
tion involved in the creation of "primitive stone tools''. Another point 
worth noting is that no matter how observant the field analyst is, he 
will not be able to make observations concerning the ways aborigines 
manipulated wave mechanics in controlling fracture unless armed with 
a priori theory. In short, this aspect of tool making is a ''black box'! 
problem. Early analysts lacked a theoretical orientation for coping 
with this kind of problem. 

The ethnographic literature has been used extensively by 
prehistorians in the identification of prehistoric remains. The ethno- 
grapher's research objectives and the aims of the archaeologist are not 


necessarily coincident. Cultural historical studies conducted by early 
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ethnographers have been focused on the history of individual groups of 
people, and emic categories are used in the classification of material 
remains. The archaeologist, on the other hand, should use etic cate- 
gories, as well as his concern is with cross cultural research. 

Since many archaeological situations lack ethnographic 
analogs, analysts employ projective analogs. Specimens are simply 
identified and classified in accordance with the analyst's preconcep- 
tions. In other words, on the basis of their formal and in some cases 
technological and find ten attributes, specimens are grouped into 
funct ional typological categories. 

The selection of some technological attributes which are 
used in describing types are based on experimental analogs. However, 
problems are also encountered in using this form of argument, as most 
replicative experiments are extremely poorly controlled. In fact, none 
of the major experimentalists have postulated the major input variables 
responsible for the creation of fracture output variables to date; and 
in fact, some investigators have suggested material variation is not a 
relevant variable. 

Prehistorians have capitalized on the early ethnographer's 
idea of naming artifacts in terms of the dominant functions which they 
served. Most typologies are based on this idea, which is termed the 
form function hypothesis. Three major versions of the form function 
hypothesis have been advanced to explain attributes and attribute clus- 
ters. The American school of thought here represented by the works of 
Rouse, Krieger, and Spaulding emphasizes particular clusters of formal 
attributes relating to outline; and these are thought to be indicative 


of how artifacts are used. On the other hand, Bordes postulates that 
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formal attributes reflect the Poe eaioat used in the production of stone 
implements. Last but not least, Semenov contends that micro-morphological 
features, i.e., wear patterns, are indicative of how implements were 

used and on what substances they were employed. It should be pointed 

out that none of the above hypotheses have been tested or experimentally 
verified with the development of appropriate analogs. 

The form function hypothesis is accompanied by a host of 
problems which tend to invalidate its utility for solving historical 
problems. There is a tendency to focus perception almost exclusively 
on outline form. Unfortunately, the descriptive system which is most 
commonly used within the framework of this hypothesis is couched in 
Euclidean geometry terms. Since many specimens have rather amorphous 
forms, investigators are forced to hedge continually in their descrip- 
tions by using such phrases as ''triangular-like''. 

The different variants of the form function hypothesis share 
in common many of the same problems. A problem of isomorphism exists. 
There may be multiple ways to produce the same artifact form or attri- 
bute; but there is no way, using contemporary typological methods, to 
distinguish between convergent morphologies. As an example, side- 
notched projectile points from Mexico, Idaho and Alaska should be con- 
ceived of as belonging to the same type, as they share in common the 
same outline form. 

Another quite similar problem which characterizes the form 
function hypothesis is its inability to cope with tool forms which may 
have had multiple uses. In other words, the hypothesis is based on the 
assumption that each tool has a single form and a single function. Such 


a view implies that tool making behavior is unidimensional in nature; 
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the view taken here suggests that tool making patterns can best be 
conceived of as reflecting multi-dimensional behavioral patterns. 

Formal, technological and functional attributes which are 
used to describe types suffer from the same inherent problems. They 
are commonly based on observations, but the categories which are chosen 
to represent the phenomenological reality of the artifact are selected 
without reference to a well-conceived guiding theory. As a rule, pro- 
cesses which led to attribute formation are generally not considered; or, 
as the case of technological attributes, the conflicting conchoidal 
fracture and Pond-Crabtree elasticity theory are used to provide ''pseudo'! 
explanations. 

Indeed, the data language which is used to describe arti- 
facts has not developed in total isolation from events occurring in 
other disciplines. Jargon has been borrowed from ethnography, geology, 
mbt Heubedieg and material science, which have accumulated through time 
to form a common language. Since these terms have not been developed 
in the light of any unified theory, they can be regarded as lJittle more 
than an epistemological ''hodge-podge'' of contradictions. 

Feibleman's theory of integrative levels (see Footnote 
2, page 71) provides a set of By SeenaeIe rules which can be employed 
in constructing analytic research models. In view of this theory, 
attributes should be defined in terms of the underlying mechanisms 
responsible for their formation, which is here postulated to be frac- 
ture mechanics. 

Not only do morphological taxonomic approaches encounter 
difficulties at the attribute level, but also at the class level. Like 


attributes, classes are almost never defined. Analysts do not state 
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what criteria must be present or, for that matter, absent, for a speci- 
men to be admitted to a particular class. The morphological taxonomic 
approach is an absolutist philosophy, as all specimens must be placed 
in some undefined or poorly-defined class. Variance in attributes or 
attribute clusters is not subjected to systematic investigation or 
quantification. Aberrant forms are simply termed ''atypique'', ''non- 
diagnostic'', or debitage. 

Feibleman's theory of integrative levels also suggests 
that attributes and attribute clusters must be explained in light of 
a higher level of organization. During the course of analyses of the 
five typological schemes, it became apparent that different implicit 
concepts of culture were being employed for essentially the same pur- 
poses. Krieger's and Rouse's ideas have been influenced by Kroeber's 
concept of the superorganic, Spaulding is a neo-evolutionist, Bordes 
is a French structuralist, and Semenov accepts the Marxist point of 
view. 

Attributes have been traditionally considered the minimal 
level of analysis in archaeology, and are thought to be explainable in 
terms of an overriding concept of culture. However, it should be 
pointed out that the schemes of Krieger and Rouse rely on Kroeber's 
superorganic, and Spaulding finds intellectual assurance in Leslie 
White's work. Both Kroeber and White subscribe to a closed system 
view of culture which holds that culture determines culture. These 
intellectual biases have been carried over into the ways in which types 
are created. Attributes are described in terms of their own geometry, 
not defined in terms of the underlying mechanisms which led to their 


creation as would be the case in an open system model. Consequently, 
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taxonomic types should be viewed as a form of circular non-explanatory 


reasoning and they have little explanatory power. 


C. The Systemic Cognitive Model 


In attempting to overcome some of the problems which charac- 
terize traditional taxonomic approaches, a systemic OCs model has 
been developed. Rather than relying on concepts of culture which have 
little heuristic pote in guiding research, the avenue of investiga- 
tion chosen was to postulate how the individual's cognitive system 
operates. A fundamental premise which was kept in mind while the ana- 
lytic model was created is that it had to be constructed in light of 
some known system which would preferably have universal application. 

In staying within the confines of this parameter, using my own tool 
making experience as a guide and appealing to the psychic unity of 
mankind, | have argued that the common denominator which underlies 

the production of all stone tools is the decision making process used by 
creative artists in performing their craft. Furthermore, decisions 
employed by craftsmen are reflected by patterns of distinctly differ- 
ent kinds of attributes which may be classified. 

A dynamic, hierarchically-structured flow system model has 
been advanced (see Figure 1, Chapter I1!1), which illustrates that there 
are several distinctive kinds of cognitive processes involved in tool 
making. | have postulated that there are at least four levels of decision- 
making represented in tool production which are reflected by distinctly 
different kinds of attributes. In order to manufacture a tool an artisan 
must make decisions concerning: (1) the selection of materials; (2) how 


to articulate the input variables of force, impactor, holding position 
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and materials, shape and torque; (3) microstructural or spatial concepts 
for setting cores up for flake removal; and last but not least, (4) 
macro-structural decisions concerning the ultimate form of the artifact. 

One of the objectives undertaken in the study has been to 
determine the nature of the processes on which each of the cognitive 
levels is based, in attempting to gain a more comprehensive understand- 
ing of how the four distinctly different kinds of attributes are rested! 
The first level which is concerned with materials is essentially an ad- 
ditive process. Materials are selected and brought together for sub- 
sequent modification. Undoubtedly, prior knowledge concerning the 
nature of material properties which can be used to fulfill specified 
goals greatly influences the selections made. This level was not in- 
vestigated in depth in the present study; however, methods do exist in 
the disciplines of geology and rock mechanics which could be employed 
for gaining a better comprehension of material properties which influ- 
ence decision-making. In the second level of the model it was postu- 
lated that force, impactor, holding position, material and shape can be 
regarded as a decision set in which input variables are combined for the 
purpose of inducing failure in lithic specimens. 

The processes which underlie the third and fourth levels of 
the proposed model are thought to be considerably less complicated than 
the second level. Both the internal and external levels of structuring 
should be viewed as subtractive processes. The internal structuring 
level of the model is designed for the investigation of the relation- 
ship which occurs between constructional unit attributes such as the 
kind of platform preparation, direction of flaking, spacing between 


flakes, etc. ' Last but not least, external structuring is concerned 
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with the investigation of formal outline attributes such as length, width, 
and thickness, which are created through the application of internal struc- 
tural rules. 

In summary, the postulated cognitive model which is based 
on Feibleman's theory of integrative levels focuses on explaining the 
nature of the interaction which occurs between cognition and material. 
Furthermore, the model postulates that artifacts reflect four distinct 
kinds of attributes which are created as a consequence of fundamentally 
different kinds of cognitive operations which may be categorized to 


form decision model types. 


D. Decision Model Types 

Now let us turn to the question of how decision model types 
can be created, and the associated problems which accompany this kind 
of classification procedure. The analyst who attempts to formulate deci- 
sion model types is a detective in that he works backward from the sur- 
viving physical remains and attempts to reconstruct the decisions em- 
ployed by prehistoric craftsmen. The first level of decision-making, the 
selection of materials, is not a big problem as material identification 
procedures have been well worked out in the discipline of geology and 
rock mechanics which can be used to characterize the materials selected 
for use. 

However, reconstructing second level decisions is a highly 
complex problem. As previously mentioned, synthetic decisions are made 
by the artificer in which the variables of force, impactor, holding posi- 
tion, material and shape are articulated for the purpose of inducing con- 


trolled failure in shaping raw material into stone implements. In other 
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words, a dynamic interaction occurs between cognition, behavior and ma- 
terial in bringing about a change in lithic materials. The question has 
been raised as to whether or not the synthetic decision sets which led 

to a particular material transformation can be reconstructed from the at- 
tributes which are represented on the surviving fracture surface. It is 
imperative that the analyst who attempts to reconstruct the variables 
which were responsible for the production of a fracture surface have a 
thorough eonieiictiensicn of the principles which govern fracture. Chapter 
V has been devoted to the presentation of a general theoretical framework, 
relying on the Griffith Crack Theory and wave mechanics; which is useful 
for explaining fracture morphologies. An understanding of this nature, 
although extremely useful, is not the total answer. The analyst who 
wishes to reconstruct the input conditions, e.g., technique, responsible 
for a particular fracture surface on an aboriginal specimen, needs an es- 
tablished inferential framework in which specific input conditions are 
related to particular output features, thereby providing a guideline for 
interpreting decision sets. 

Presently, no such inferential framework exists. Conse- 
quently, a dynamic loading device, the ''stainless steel Indian'', was used 
to implement 144 sorta tied experiments replicated five times each, in 
which the input conditions, ''decision sets'', could be related to output 
morphology. In Chapter VI the experimentally produced data was used to 
exemplify the utility of what was termed as a ''particularistic'’ approach. 
The fundamental premise which underlies this approach is the idea that in- 
dividual output variables may be sensitive indicators of individual deci- 
sions in a decision set. By using a controlled experimental research 


design, in some cases it will be possible to link particular decisions 
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or ranges of decisions with specific output attributes. Once this kind 

of linkage is established, it may be possible to reconstruct with assur- 
ance es of the input variables leading to the development of a fracture 
surface. However, the experiments produced in the present study should 
not be used to provide an inferential framework for interpreting prehis- 
toric specimens. Many, many more experiments using other input conditions 
and ranges than the ones chosen for the present pilot project will be 
necessary before a solid inferential framework can be established for 

the purpose of reconstructing input decision sets. 

Fortunately, the reconstruction procedures for determining 
the decisions in the third and fourth levels of decision model types are 
considerably more straightforward than for the second level. The internal 
Structuring level is used to record relationships which occur between 
constructional units such as the kind of platform preparation, direction 
of flaking and spacing between flakes, etc. The last level of significance 
in decisions model types is external structuring. It is designed for re- 
cording the formal outline relationships of specimens such as length, width 
and thickness. 

The question can, of course, be raised as to how the analyst 
knows what ar RS EY to select to fit within the framework of the above 
levels. Unfortunately, there is no cut and dried answer. One may begin 
with direct observation. If the analyst is an experimenter he may then at- 
tempt to recreate the specimen in light of the production organizational 
rules he has set forth within the framework of the decision model type. 

Now that some of the problems which are involved in defining 
decision model types have been discussed, let us turn our attention to the 


procedural question of how to construct an attribute list for the purpose 
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of formulating decision model types which can be used in making inter- and 
intra-assemblage comparisons. Although it is impossible to instruct some- 
One as to exactly what categories to place in an attribute list, there are 
nevertheless a few basic rules previously mentioned which should be fol- 
lowed. 

In attempting to deal with lithic assemblages, the analyst's 
universe of investigation should be the lithic assemblage. Specimens may 
be admitted to the universe of investigation if they exhibit one or more 
of the following characteristics: platforms, lips, bulbs, eraillures, 
hackle marks, and ribs on any face. 

The major unit of analysis is the attribute. However, it 
must be recalled that lithic artifacts exhibit at least four kinds of 
attributes. Consequently the attribute list ‘should be pre-structured 
into four distinct units, so that the attributes which reflect different 
kinds of cognition processes are not mixed. 

Furthermore, every category which is created within a speci- 
fic cognition level must be carefully defined so that it will be absolute- 
ly clear to one's colleagues as well as future generations exactly what a 
particular term signifies. Furthermore, it is useful in some cases to 
state in what nee a specimen is held in making observations, or how a 
measurement is taken. In some instances clarity can be gained by illus- 
trating the attribute list. The principal advantage of the attribute list 
approach is that it forces the analyst to subject all specimens to exactly 
the same set of observations. 

Decision model types are defined on consistent relationships 
which occur between attributes which reflect different levels of decision- 


making on the part of the tool maker. Once these attributes are coded in 
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a structured attribute list, there are a number of available statistical 
techniques which can be used to explicate the nature of inter-level pattern- 


ing which decision model types attempt to record. 


E. Utility of Decision Model Types 


One of the major rationales for creating decision model 
types is that decision-making is the common denominator which underlies 
the production of stone implements in all areas of the world. The objec- 
tive of creating decision model types is to explore the modal tendencies 
as well as the variance which typifies tool making. It seems highly pro- 
bable that an interacting social group of artisans will share in common 
many of the same tool making decision models as a consequence of partici- 
pating in the same ongoing cultural experience. 

The argument has been advanced chat artifact types should 
not simply be based on attributes derived from a single level of decision- 
making, but that all levels must be considered. The rationale behind 
this philosophy has to do with the fact that it is highly probable that 
when several unrelated cultural groups have similar goals in tool produc- 
tion, parallel decisions may occur due to the limitations that materials 
place on human behavior. Consequently, convergent kinds of decisions may 
be represented by attributes at some levels. However, it is highly un- 
likely that convergence in patterning would occur in all levels of decision- 
making unless there was direct contact between groups. Furthermore, when 
faced with problems of evaluating changes in diachronic sequences of ma- 
terial remains, it seems unlikely that change will occur synchronously in 
all levels at once unless there is actual population replacement. In short, 


the decision model approach should provide the analysts with a systematic 
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tool for evaluating culture change in prehistory. 

In order to define prehistoric cultures in time and space, 
the analyst must be able to cope with a number of questions concerning the 
nature of culture change. It is important to be able to distinguish be- 
tween migration, dif Fusion’, in situ development, trade, and different 
aspects of a seasonal round of activities when evaluating archaeological 
sequences. 

With recognition of the fact that artifacts manifest four 
distinct kinds of attributes, analysts may employ new methodological 
procedures for the purpose of explaining the above mentioned kinds of 
inter- and qh Tensueeeuane variability. As previously noted, attribute 
lists should be pre-structured so that attributes from each level will be 
grouped together. If this is done, a special methodological procedure 
termed cross level analysis may be used to sort out which cultural pro- 
cess or combination of processes are the most likely candidates for ae 
plaining variability. As an example of this form of reasoning, decision 
model types utilizing a cross level analysis were employed in re-evaluat- 
ing the Clovis contraversy. 

In trying to unravel the complex question of whether or not 
the sudden ues of the Clovis tradition represents migration, diffu- 
sion and/or in situ development, two inter-related questions were examined 
in light of the hierarchically-oriented cognitive flow structure model. 

Since the Clovis tradition does not have any clear-cut ante- 
cedents in the New World, the argument has been advanced that primarily a 
single invention--thermal alteration of lithic materials--greatly altered 
the cognition material relationship during the Clovis period. The limits 


placed on tool making behavior were greatly relaxed as an essentially new 
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material was created as a consequence of heat treatment. The changes which 
occurred in the procedural rules in the second level of the cognitive model 
permitted creative artists to restructure as well as expand their reper- 
toire of procedural rules in the third and fourth levels of the model. Thus 
the structural organization of the proposed cognitive model is such that 
major reorganizational periods may occur in tool making behavior which re- 
present major quantum jumps, and that there need not be clear-cut formal 
antecedents. 

A cross level analysis was conducted on Clovis artifacts 
recovered from the Anzick, Simon, Naco and Murray Springs sites. Atten- 
tion has been focused on the third (internal structuring) and fourth (ex- 
ternal structuring) levels of the cognitive model for the purpose of evalu- 
ating if the sudden appearance of Clovis sites represents migration, diffu- 
sion, and/or in situ development. Two major contrasting patterns emerged 


as a consequence of this analysis which support the in situ development/dif- 


——— 


er apneiticn. It was found that a high degree of homogeneity exists be- 
tween the Simon and Anzick specimens, and likewise the Naco and Murray 
Springs specimens illustrate a high degree of affinity at both the third 
and fourth levels. However, considerable variance exists in the procedures 
used to make fluted Retaee as exemplified by the third and fourth levels of 
the decision model types when the northern and southern specimens are com- 
pared. 

It seems likely that the widespread occurrence of Clovis 
fluted points does not represent the activities of a single cultural group. 
Rather, the diffusion of a single innovation--heat treatment--made it pos- 
sible for pre-existing resident social groups to restructure and add new 


rules to tool making procedural grammars. The subsystem or pattern which 
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cross-cuts or links local groups in the Clovis tradition was the practice 

of hunting big game animals and common heeting methods, including the con- 
cept of fluting. With the advent of heat treatment and pressure flaking, 

existing weaponry systems were greatly improved. 

In concluding the discussion concerning the differences 
between taxonomic approaches as opposed to the systemic approach advanced 
here, one last comment = merited. The ''Culture History vs. Culture Pro- 
cess'' debate which is in vogue in the contemporary literature is an artifi- 
cial polemic as almost all investigators are using the morphological ap- 
proach in constructing their typologies, and the attributes are not se- 
lected in light of a guiding theory or understood in light of cognition 
and fracture processes. If prehistorians are to deal with questions 
concerning culture process, a real paradigm shift must be implemented. It 
would be useful for analysts to break out of the closed system intellectual 
strait-jackets placed on them by such eminent scholars as Leslie White and 
Alfred Kroeber, who advocated that culture is determined by culture alone. 
In the future, perhaps one of the most productive routes to follow in pre- 
historic research will be through the experimental investigation of the 
interaction which takes place between cognition and materials and the for- 
mation of decision model types. Such an alternative route could hardly 
help but lay the groundwork for the development of a science of prehistory 
in which the analysts would have an opportunity to make meaningful cross- 


cultural comparisons. 
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List of Experiments 


F = Force M = Material 

| = Impactor T = Torque 

H = Holding Position 1, 2, 3 etc. = Level 
AV. Fy by Hy MT, 182 Fy) His 35. Fl 3HoMoTo 
2. Fy Fy HyMoTy 19. Fy IqHsMy 36. Fy13HoM3T2 
3. Fy 1 ,HyM3Ty 20. FyIyHsM> 37. Fy13H3Mq 
4h. Fy 1,H,MyT> 21. FylyHsMs 38. FrlsH3M> 
5. Fy 1yHyMoT> : 22. ra Haas 39. Fyl3H3M3 
6., F,1,H|M3T. 23. FylyHeMy 4O. =F y13HyMy 
eee HS Hy Ty | Die he aet hy Pema sna Vea 
8. Fy IyHoMoTy 25. F,13HyM,Ty 42. Fy 1 3HyM3 
GQ. Fi 1 pHoMsT, 26. Fy13HyMoTy 43. Fyl3HsMy 
10; Py lHaMy 1, 27. Fy13HyM3Ty 4h, Fy13HeMo 
deers by Hah bs 28. Fy13HyMyT> BS) at HeM 
12. Fly HoMal> 29. Fy 13H MoTo Go) Esl HEM, 
13. Fy, 1 ,H3M, 30. Fy 13H yM3T> URED boa sen tION sh ules 
14. F,1,H3M> 31. Fy l3HoM, Ty 4B.) BA Hee 
15. Fy 1,H3M3 32. Fyl 3HoMoT) Bo eal Waits ts 
16. Fy, HyM, | 33. Fyl3HoM3Ty 50 tet lant 
We Fy 1 yh 34. Fl 3HoMiT. aL eri 
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Fo 1) H3Mo 
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Foy HoMy 
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Fo13HoMoTo 
Fol 3HoM3T2 
Fol 3H3My 

Fol 3H3M, 

F513H3M3 


Fo 13H,M; 
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Fot3HyM3 
Fol 3HsMy 
Fol 3HsM> 
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F31)HeMo 
Fl) HeMs 
F313H)M)Tj 
F3 13H MoT, 
Fg 13H M31, 
F3 13H )M)T 
F313 MoT. 
F3 13H M3T> 
F313HoM) Ty 
Fa! 3HoMoTy 


F313HoM3Ty 
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130. F313HoM)T> 
131. F3l3H2MyT, 
132. F313HoM3T> 
133. F3l3H3M, 
134. F313H3M> 
135. F3l3H3M, 
136. F313H,M, 
137. Fa! shits 
138. F313H,M3 
139. F313HsMy 
140. F313HeM> 
141. F3l3HeM3 
142. F3l3HeMy 
143. F313HgM> 


144. F513HeMs 
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VARIABLE CODE 


Control Information 


Column Number 
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2) 


3 


Input Variables 


Variable 


Number 


1 


Column Number 


on 1-B.M. Card 


6 


10 


11 


Experiment number 
Replification number; 1 - 5 


Card number;. 1 - 2 


Force: 
Te" 10%cm: drop 
2). 20 "CMs drop 
3. 30 cm. drop 


Impactor: 
1. antler 


2. hard hammer impactor 


Holding positions: 
1 - 6 (refer Fig. 2, p. 85) 


Materials: 


i. glass 
2. obsidian 


3. quartzite 


0. no torque 
1. 40 inch pounds 
2. 80 inch pounds 


Bottom support fracture: 
0. absent 
1. present 
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Variable ~ Column Number 


Number on 1.BeM:. Card 
7 12 
8 13 
S 15 
10 16 
11 17 
nz 20 
13 2) 
14 22 
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Corner support fracture: 
0. absent 
1. present 


Fracture directly under impact: 
0. absent 


1. present 


Face of ring crack occurrence: 


FWDh — 
ON ~< x< 


Primary ring crack circumference: 


0. absent 

i. Ofctarcirele 

2 See he 

3. 4 - 3/4 circle 

4. 3/4 - complete circle 

5. opposing area 
Secondary ring crack circumference: 

0. absent 

i. Ofeae 

Qe Rend 

3. 4 - 3/4 

4. 3/4 - complete 

5. opposing area 
Primary ring crack diameter: 

0. missing 

1... Oe 0S nimi. 

2. HOw y 2607 mms 

Bic’ (2HOR a3 Oy rams 

4, 3.0 - 4.0 mm. 

5. 4.0 - 5.0 mm. 

6cy 5: One GuOhimm: 

7. 6.0 - 7.0 mm 

8. 7.0 - 8.0 mn. 

9. more than 8.0 mm. 


Primary incipient half cone: 


0. absent 
1. present 


Primary incipient whole cone: 
0. absent 
1. present 
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Number on 
15 24 
16 a5 
17 26 
18 27 
19 28 
20 29 
21 30 
22 31 
23 32 
24 33 
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Primary whole cone: 
0. absent 
1. present and complete 
2. split by radial fracturing 


Secondary incipient half cone: 
0. absent 
1. present 


Secondary incipient whole cone: 
0. absent 
1. present 


Secondary half cone: 
0. absent 
1. present and complete 
2. present split in half 


Secondary whole cone: 
0. absent 
1. present 


Lips: 
0. absent 
1. present 


Primary incipient and partially 
complete conoid fracture: 

0. absent 

1. present 


Primary flake bulbs: 
0. not present 
1. poorly defined 
2. moderately defined 
3. well defined 


Primary flake hackle marks adjacent 
to point of impact: 

0. absent 

1. present 


Primary flake hackle marks on la- 
teral edge of ribs: 

0. absent 

1. present 
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Variable 


Number 


25 


26 


zy 


28 


29 
30 | 
31 
32 


33 


34 


Column Number 
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34 


35 


36 


37 


38 
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40 


4] 


42 


43 


Primary flake hackle marks on ribs: 
0. absent 
1. present 


Primary flake hackle marks at distal 
end: 

0. absent 

1. present 


Primary flake ribs concentric to 
point of origin: 

0. not present 

1. poorly defined 

2. moderately defined 

3. well defined 


Primary flake ribs semi-circular to 
point of origin: 

0. not present 

1. poorly defined 

2. moderately defined 

3.’ well defined 


Primary flake eraillures: 
0. absent 
1. present 


Primary flake hinge at distal end: 
0. absent 
1. present 


Primary flake step at distal end: 
0. absent 
1. present 


Primary flake feathers out at distal 
end: 

0. absent 

1. present 


Primary flake reverse hinge at distal 
end: 

0. absent 

1. present 


Primary flake jagged and irregular 
at distal end: 

0. absent 

1. present 
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Number 
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47 
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Primary flake length: 


0. absent 
10.07» 07.53 com 
2 MP 0E Set 12 Omtem: 
3.7 1 Oe JE Scm: 
hk, 1.5 - 2.0 cm. 
Big. Ze OF 2.25 Serem. 
6. 2.5 - 3.0 cm. 
J 332 06-9 3% 5Hem. 
8. 3.5 - 4.0 cm. 
9. 4.0+ cm 
Primary flake width: 
0. no flake 
Paros Om 2 08-5tiem. 
220.05 5? =1 120tren. 
325 N20F =F Satem. 
h.2 165-2 20 0tem. 
5.2200" =2 25 5aem. 
6.2265" -.350Mem- 
13 300% -S35 50m: 
8.5% 385~ -w4S Obem. 
9. 4.0 - 4.5+ cm. 
Blank 


Cone segments: 
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Primary flake shape: 
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absent 
present 


reverse fracture: 
- absent 
1 fracture branch 


branches 
branches 
. branche 
branches 
branches 
branches 
branches 


WO ON DWM SW 


absent 
symmetrica 
asymmetric 
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branches or more 
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Variable Column Number 
Number on |.B.M. Card 
hy 52 Secondary flake length: 
0. not present 
1. 0.0 = 0.5 cm. 
2. 0085257 1:..0 cm: 
Bia WeOe =. eh > eM. 
Harv. 5 (22). 0 tem. 
BRZS0. 27255 cm. 
6. 2.5 - 3.0 cm. 
Fa BBO Ses ent 
8. 3.5 - 4.0 cm. 
9. 4.0+ cm 
42 53 Secondary flake width: 
0. absent 
bs 200 8340.5 scm. 
Die Oe Serr. O2-Cme 
sary. 0 takh.. 5 tems 
hy ebeSh= 2.0 cm. 
BS e2e0eAT2:.'5. cm. 
6...2.5 1370: em: 
pars ..0 tans 5.ken. 
8. a3 5504 4.0 cm. 
9. 4.0+ cm 
43 54 Secondary flake bulb: 
0. absent 
1. poorly defined 
2. moderately defined 
3. well defined 
4k 55 Secondary flake hackle marks adjacent 
to impact area: 
0. absent 
1. present 
4s 56 Secondary flake hackle marks on la- 
teral edges: 
0. absent 
1. present 
6 57 Secondary flake hackle marks on ribs: 
0. absent 
1. present 
47 58 Secondary flake hackle marks on dis- 
tal end: 
0. absent 


1. present 
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Variable Column Number 
Number on 
48 59 
k9 60 
50 61 
51 62 
52 63 
53 64 
5h 65 
55 66 
56 67 
57 68 
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Secondary flake ribs concentric to 
point of origin: 

0. absent 

1. present 


Secondary flake ribs semi-circular 
to point of origin: 

0. absent 

1. poorly defined 

2. moderately defined 

3. well defined 


Secondary flake eraillures: 
0. absent 
1. present 


Secondary flake hinge at distal end: 
0. absent 
1. present 


Secondary flake step at distal end: 
0. absent 
1. present 


Secondary flake feathers out at dis- 
tal end: 

0. absent 

1. present 


Secondary flake reverse hinge at 
distal end: 

0. absent 

1. present 


Secondary flake jagged and irregular 
at the distal end: 

0. absent 

1. present 


Secondary flake shape: 
0. absent 
1. symmetrical 
2. asymmetrical 


Incipient flakes: 
0. absent 
1. present 
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15 


77 


78 


79 


80 
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Incipient flake face: 


0. absent 
Tnx 
ZN 
Be 
4. B 


Beveled face with microflaking along 
but outside of negative scar: 

0. absent 

1. present 


Internal failure at a flaw or bed- 
ding plane: 

0. absent 

1. present 


Secondary flake lip: 
0. absent 
1. present 


Negative cone segments: 
0. absent 
1. present 


Primary flake--outré passé: 
0. absent 
1. present 


Secondary flake--outré passé or end 
shock: 

0. absent 

tb. present 


Secondary, incipient and partially 
complete conoid fracture: 

0. absent 

1. present 


Secondary ring crack diameter: 
. absent 

0 - 2 circle 

Did Seieircle 

4 - 3/4 circle 

. 3/4 complete circle 
opposing area 
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Card 1 

ie 3 Experiment number 
i Replication number 
S: Card number 


Continuation of Data Variables 


Variable Column Number 
Number on. 1.B.M. Card 
67 6 Frequency distribution of completed 
radial cracks on edge number 1: 
0. absent 
1.1 crack 
2. 2°eracks 
3. 3 cracks 
4. 4 cracks 
5.5. -C.hacks 
6. 6 cracks 
7. 7 cracks 
8.'8 cracks 
9. 9 or more cracks 
68 7. Frequency distribution of completed 
radial cracks on edge number 2: 
scaled the same as column 6. 
69 8 Frequency distribution of completed 
radial cracks on edge number 3: 
scaled the same as column 6. 
70 S) Frequency distribution of completed 
radial cracks on edge number 4: 
scaled the same as column 6. 
71 10 Pressure flakes induced by vise: 
0. absent 
1. present 
72 11 Fracture by flexing or bending-- 
present under impact: 
0. absent 


1. present 
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73 12 
74 13 
#5 14 
76 15 
77 16 
78 17 
79 18 
80 19 
81 20 
82 21 
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Fracture by flexure or bending-- 
present elsewhere: 

QO. absent 

1. present 


Fracture by flexure or bending-- 
radial fracture initiated from one 
point on bottom of compressed cone: 
0. absent 
1. present 


Fracture by flexure or bending-- 
radial fracture initiated from bot- 
tom edge of half cone: 

0. absent 

1. present 


Primary negative flake scar--micro- 
flaking: 

0. absent 

1. present 


Primary negative flake scar--crushing: 
0. absent 
1. present 


Primary flake platform alterations-- 
pitting: 

0. absent 

1. present 


Primary flake platform alterations-- 
scratching: 

0. absent 

1. present 


Primary flake platform alterations-- 
crushing: 

0. absent 

le present 


Primary flake platform alterations: 
microcracks: 

0. absent 

1. present 


Primary flake platform alterations-- 
microflaking: 

0. absent 

1. present 
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31 


Primary half cone: 


0. absent 
1. present 

2. present 
3. present 
pieces 

4, present 
pieces 


complete 
split in half 
split into 3 


split into 4 


5. present and split into more 
than 4 pieces. 


Primary half cone--incomplete: 


0. absent 
1. present 


Primary face of flake long axis--X: 


0. absent 
1s .-present 


Primary face of 
0. absent 
1. present 


Primary face of 
0. absent 
1. present 


Primary face of 
0. absent 
1. present 


Primary face of 
negative X: 
0. absent 
1. present 


Blank 


Secondary flake: 


X: 
0. absent 
1. present 


Secondary flake: 


Y* 
0. absent 
1. present 


flake long axis--Y: 


flake long axis--Z: 


flake long axis--B: 


flake long axis-- 


face of long axis-- 


face of long axis-- 
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Secondary flake: face of long axis-- 
Z: 

0. absent 

1. present 


Secondary flake: face of long axis-- 
B,; 

0. absent 

1. present 


Secondary flake: face of long axis-- 
negative X: 

0. absent 

1. present 


Secondary flake platform alterations-- 
pitting: 

0. absent 

1. present 


Secondary flake platform alterations-- 
scratching: 

0. absent 

1. present 


Secondary flake platform alterations-- 
crushing: 

0. absent 

1. present 


Secondary flake platform alterations-- 
microcracks: 

0. absent 

1. present 


Secondary flake platform alterations-- 
microflaking: 

0. absent 

1. present 


Secondary flake negative scar altera- 
tions--microflaking: 

0. present 

1. present 


Secondary flake negative scar altera- 
tions--crushing: 

0. absent 

v present 
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Variable Column Number 
Number on 1.B.M. Card 
102 42 Face of negative cone segments-- 
X face: 
0. absent 
1. present 
103 43 Face of negative cone segments-- 
both X faces: 
0. absent 


1. present 
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MODES AND RANGES OF GUTPUT VARIABLES 
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Experiment number 
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TABLE 1 B: SUMMARY OF OUTPUT VARIABLES DISTRIBUTION 
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TABLE 3: INPUT CONDITIONS RESPONSIBLE FOR THE PRODUCTION OF 
OUTPUT ATTRIBUTES 


Polar Support Fracture 006 


Bie se cay a 
36 1 3 2 3 2 
37 1 3 3 1 
38 1 3 3 2 
39 1 3 3 3 
40 1 3 4 1 
41 1 3 4 Z 
h2 1 3 4 3 
Gly Z 1 3 1 
64 2 1 4 1 
65 2 1 4 2 
85 2 3 3 1 
86 2 3 3 2 
88 Z 3 uN 1 
89 2 3 4 2 
90 Z 3 mn 3 

109 3 1 3 1 
140 3 lh 3 Z 
112 3 1 4 1 
113 3 1 4 2, 
135 3 3 3 1 
134 3 3 S 2 
136 3 3 4 1 
137 3 we 4 2 
138 3 3 4 3s 
Corner Support Fracture 007 

Experiment Number F | H M T 
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47 I 3 6 2 
48 1 3 6 3 
71 2 1 6 2 
Vise 2 1 6 3 
ie 2 5) 5 1 
92 a 3 5 iz 
9h 2 3 6 1 
o5 2 B 6 Z 
96 2 3 6 g 

116 3 1 5 2 
142 3 5) 6 1 
143 3 3 6 2 
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Fracture Directly Under Impact 008, cont'd. 
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Primary Ring Crack Circumference 010, cont'd. 
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127 3 3 2 1 | 
128 3 3 2 vs 1 
129 3 3 2 3 1 
134 3 3 2. z 2 


Primary Incipient and Partially Complete Conoid Fracture 021 


Experiment Number F ] H M ie = 
47 1 3 6 
a5 1 2 1 1 
57 2 1 Z 3 1 


Primary Flake Bulbs 022 


Experiment Number 


2 
33 
34 
Ee: 
on 


60 
79 
80 
82 
83 


84 
104 
105 
107 
108 


128 
£29 
130 
131 
135 


F | H M if 
1 3 2 Z 1 
1 3 2 3 1 
1 3 2 1 2 
1 3 Z Z is 
2 1 2 Z 2 
2 1 2 3 2 
2 ) 2 1 1 
2 3 2 2 1 
2 3 2 1 2 
te 3 fa 2 2 
2 3 Z 3 2 
3 1 2 2 1 
3 1 2 3 1 
3 1 2 2 Z 
g I 2 3 2 
3 3 2 2 1 
3 5) 2 5) 1 
3 3 Z 1 Z 
3 3 2 2 2 
3 3 3 3 


Primary Flake Hackle Marks Adjacent to Point of Impact 023 
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34 
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1 3 2 1 Z 
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Primary Flake Hackle Marks on Lateral Edge of Rib 024 
Experiment Number F | H M i 
83 2 3 | 2 2 2 
Primary Flake Hackle Marks on Ribs 025 


Experiment Number F | H M { 


34 
35 
64 
104 
112 


127 
130 
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Primary Flake Hackle Marks at Distal End 026 


Experiment Number F . | H M T 
32 1 3 2 2 1 
34 1 5) 2 1 2 
59 2 1 2 2 2 
83 2 3 2 2 2 


Primary Flake Ribs Concentric to Point of Origin 027. 


32 1 3 ”) ee) 1 
34 1 3 2 1 2 
35 1 3 2 2 2 


Primary Flake Ribs Semi~Circular to Point of Origin 028 


Experiment Number. F | H M a5 
hy 1 3 4 2 
55 2 1 2 1 1 
59 2 1 2 2 2 
64 2 1 hk 1 
65 2 1 Lh 2 
79 2 3 2 1 1 
80 2 3 2 2 1 
82 2 3 2 1 2 
83 2 3 2 2 2 
89 2 3 uN 2 
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Primary Flake Ribs Semi-Circular to Point of Origin 028, cont'd. 


Experiment Number F | H M i 
104 3 1 2 Zz 1 
107 3 1 2 2 2 
112 3 1 4 1 
113 3 1 4 2 
127 3 3 Z 1 1 
128 3 3 2 Z 1 
130 3 3 2 1 2 
131 3 3 2 2 2 
133 5 3 3 1 
136 3 3 4 1 


Peele eel eter bial lures 029 


Experiment Number F | H M U 
32 1 3 2 2 1 
34 1 3 2 1 2 
80 2 3 2 2 1 
82 Z 3 2 1 2 
83 2 3 2 2 2 
112 3 1 4A 
127 3 3 2 
128 3 3 2 


Primary Flake Hinge at Distal End 030 


32 1 3 2 2 1 
64 2 1 h 1 
82 2 3 2 1 2 
89 2 3 i 2 
112 3 1 h 1 


Primary Flake Step at Distal End 031 


Experiment Number F | _H M T 
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Primary Flake Feathers Out at Distal End 032 


Experiment Number F | H M T 
32 1 3 Z 2 1 
33 1 3 Z 3 1 
34 1 3 2 1 2 
35 1 3 2 2 2 
36 1 3 2 3 2 
55 z 1 2 1 1 
Sy 2 1 Z 3 1 
58 2 aa 2 1 2 
59 2 1 2 eZ 2 
60 Z 1 2 3 2 
65 2 1 4 2 
79 2 3 2 1 1 
80 2 3 2 2 1 
81 2 3 2 3 1 
82 2 3 Z 1 2 
83 Z 3 2 2 2 
84 2 3 2. 3 2 
87 Z 3 3 3 
104 3 1 2 2 1 
107 3 1 2 2 Z 
108 3 1 2 3 2 
Ise) 3 1 4 2 
127. 3 3 2 1 1 
128 3 3 Z 2 1 
129 3 3 2 3 1 
130 3 3 2 1 2 
131 3 3 2 J Z 
132 3 3 Z 3 2 
136 3 3 uF 1 

Primary Flake Jagged and Irregular at Distal End 034 

Experiment Number F | H M T 
hy 1 3 4 2 
135 3 3 3 3 

Primary Flake Length 035 

Experiment Number F | H M 7 
32 1 3 2 2 1 
33 1 3 2 3 1 
34 1 3 2 1 2 
35 1 5 2 2 Z 
36 1 3 2 3 z 
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Primarylake Length 035, cont'd. 
Experiment Number 


=H NNN HK KH NN ON -—- -— NN eK eK RK NN ON i - KENNA 
RKENMNKEM HK NMNRKN HK NMR AN Picea Ai AANMNRKN K— NMR N NMS = NMR NM 
StF NN NNN T ST NNNNN NMTTN NNN TST NNN N NON MRT Be NANNN AN 
NAN RK RK Kee ee MAAMNMAN AMMNMRK Keer K Re AAMNMAM MAMAN _ NAAM OS 
HE K NN ANNNNN NNNNN NANNNM AMNMNMM DAMMANN MMM a 
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Primary Flake Width 036 

Experiment Number 
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Primary Flake Width 036, cont'd. 


Experiment Number 
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Cone Segments 038 


Experiment Number 
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Conoid Fracture Reversal 039 


Experiment Number 2 | H M al 
+7 1 3 6 2 
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cont'd. 


Conoid Fracture Reversal 039 
Experiment Number 
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Primary Flake Shape 040, cont'd. 


Experiment Number F | H M 4 
108 3 1 2 3 Z 
WI2 3 1 4 1 
113 3 1 4 2 
127 3 3 2 1 1 
128 3 3 2 2 “a 
129 3 3 2 3 1 
130 3 3 2 1 2 
131 3 3 2 2 2 
132 3 3 2 3 2 
135 3 3 5 5 
136 3 3 h 1 


Secondary Flake Length 041 


Experiment Number E | H M u 
32 1 3 2 2 1 
35 1 3 2 2 Z 
42 1 3 4 3 
58 2 1 2 1 2 
Sp 2 1 2 2 2 
q2 2 5 2 1 1 
80 2 3 Z 2 1 
82 2 3 Zz 1 2 
83 2 3 ae 2 2 
104 3 1 2 2 1 
107 3 1 2 2 2 
112 3 1 4 1 
127 3 3 Z 1 1 
128 5} 3 2 Z 1 
129 3 3 2 3 1 
130 3 3 2 1 2 
131 3 3 Z 1 2 
132 3 3 Z 3 2 
136 3 3 h 1 

Secondary Flake Width 042 

Experiment Number F | H M i 
35 1 3 2 2 2 
fy) 1 3 4 3 
58 2. 1 2 1 2 
bo 2 1 2 2 2 
7 2 3 2 1 1 
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Secondary Flake Width 042, cont'd. 


Experiment Number 


aa 
= 
= 
= 


80 2 3 2 2 1 
82 2 3 2 1 2 
83 2 3 2 2 2 
104 3 1 2 2 1 
107 3 1 Z 2 a 
112 3 1 in 1 
ia 3 3 2 1 1 
128 3 3 2 p 1 
29 2 3 2 3 1 
131 3 3 2 Z 2 
12 3 3 2 3 Z 
136 3 3 uN 1 
Secondary Flake Bulb 043 
Experiment Number F | H M i 
32 1 3 2 2 1 
53) 1 3 2 2 2 
es) 2 1 2 2 2 
Whe 2 3 2 1 1 
80 2 3 2 2 1 
83 2 3 2 2 2 
104 3 1 2 2 1 
107 oie 1 2 2 2 
128 3 of 2 Z 1 
hed 3 3 Z 3 1 
131 3 3 2 2 2 
136 3 3 uM 1 
Secondary Flake Hackle Marks on Ribs 046 
Experiment Number F | H M T 
be) 1 3 2. 2 2 
Ep) 2 1 2 2 2 
82 7 3 2 1 2 
83 2 3 2 2 2 
104 3 1 2 2 1 
130 3 3 2 1 2 
Secondary Flake Hackle Marks on Distal End O47 
Experiment Number F | H M T 
59 1 3 6 2 
83 2 3 2 Zz 2 
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Secondary Flake Hackle Marks on Distal End 047, cont'd. 


Experiment Number F | H M T 
112 3 1 4 1 
132 3 3 2 3 2 


Secondary Flake Ribs Concentric to Point of Origin 048 


Experiment Number F | H M iv 
bys 1 3 2 2 1 
35 1 3 2 
79 2 3 2 1 1 


Secondary Flake Ribs Semi-Circular to Point of Origin 049 


Experiment Number F | H M T 
35 1 3 2 2 
58 2 1 2 1 
79 Z 5 2 1 
80 2 3 2 2 
82 2 3 2 1 
83 2 3 2 2 
104 3 1 2 D 
107 3 1 Z 2 
112 3 1 uN 1 
127 3 3 y 1. 1 
128 3 3 2 2 
130 3 3 2 1 Z 
131, 3 3 2 2 z 
136 3 3 h 1 


Secondary Flake Eraillures 050 


Experiment Number F | H M Ti 
32 | 1 3 2 2 1 
59 2 1 2 Z 2 
80 2 3 2 2 1 
83 2 3 2 Z 2 
104 3 1 2 2 1 


Secondary Flake Hinge at Distal End 051 


Experiment Number i | H M gf 
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32 1 3 2 2 1 
59 2 1 2 2 2 
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Secondary Flake Step at Distal End 052 


Experiment Number 2 | H M T 
59 2 1 1 1 2 
104 3 1 2 1 
130 3 3 2 1 2 


Secondary Flake Feathers at Distal End 053 


Experiment Number 


32 
35 


Secondary Flake Shape 056 


Experiment Number F | H M 1 
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Secondary Flake Shape 056, cont'd. 


Experiment Number F | H M T 
128 3 3 2 2 1 
129 3 E 2 5 1 
130 3 3 Pgh 1 2 
131 3 3 2 Z 2 
132 3 3 2 3 Z 


Incipient Flakes 057 


Experiment Number F | H M T 
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Incipient Flake Face 058 


Experiment Number P | H M T 
Bip, 1 3 2 5) 1 
Bea, 1 3 3 3 
hy 1 3 4 2 
42 1 3 4 a 
65 2 1 mn 2 
80 2 3 2 2 1 
88 Z 3 uN 1 
90 2 B Ly 3 

104 3 1 2 2. 1 
109 ’ 3 1 5 1 
112 3 1 4 1 
135 3 3 3 3 
136 3 3 4 1 
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Beveled Face with Microflaking Along but Outside of Negative Scar 059 


Experiment Number F | H M t 
32 1 3 2 72 1 
34 1 3 2 1 Z 
35 1 3 2 2 2 
79 2 3 2 1 1 
80 2 3 2 2 1 
82 2 3 2 1 2 
127 3 3 2 1 1 
128 3 3 2 2 1 
131 3 3 2 2 Z 


Internal Failure at a Flaw or Bedding Plane 060 


Experiment Number F | H M T 
33 1 3 2 3 1 
69 2 1 5 3 
72 2 1 6 3 
81 2 3 2 3 1 
87 /s 3 3 3 
111 3 1 3 3 

Secondary Flake Lip 061 

Experiment Number F | H M T 
pu 1 3 2 2 1 
oy 2 1 2 2 
JS, 2 3 2 1 1 
80 2 3 2 Z 1 
82 2 3 2 1 2 
83 Zz B 2 2 2 
87 2 3 3 3 
104 3 1 2 2 
107 3 1 2 2 2 
128 3 3 2 2 1 
129 3 3 2 3 1 

Negative Cone Segments 062 

Experiment Number F | H M i 
40 1 iS h 1 
86 2 3 3 2 
88 2 3 my 1 
89 Z 3 h 2 
133 5 3 3 1 
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Negative Cone Segments 062, cont'd. 


Experiment Number F | H M Us 
134 3 3 3 2 
136 3 3 h 1 
13% 3 3 h 2 


Primary Flake Outré Passé 063 


Experiment Number E | ba M iF 
133 S 3 3 1 


Secondary Flake Outré Passé 064 
Experiment Number F | H M T 
| 112 3 1 4 1 
Secondary Incipient and Partially Complete Conoid Fracture 065 
Experiment Number F | H M Tt 
143 3 3 6 2 


Secondary Ring Crack Diameter 066 


Experiment Number F | H M i 
87 2 3 3 3 


Frequency Distribution of Completed Radial Cracks on Edge Number 1 067 


Experiment Number F | H M ak 
43 1 3 5 1 
hh 1 3 5 2 
ks 1 3 5 3 
67 Z 1 5 1 
68 2 1 5 2 
91 Z S 5 1 
92 2 3 5 2 

118 3 1 6 1 
119 3 1 6 Z 
120 3 1 6 5 
139 3 3 5 1 
140 3 3 5 2 
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Frequency Distribution of Completed Radial Cracks on Edge Number 2 068 


Experiment Number F | H M T 
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Frequency Distribution of Completed Radial Cracks on Edge Number 3. 069 


Experiment Number FE | H M . T; 
43 1 3 5 1 
hh 1 3 5 Z 
4s 1 3 2 3 
48 1 3 6 3 
67 2 1 5 1 
68 2 1 5 2 
69 2 1 5 3 
72 2 1 6 3 
91 2 3 5 1 
92 2 3 ) 2 
118 3 1 6 1 
119 3 1 6 2 
139 3 3 5 1 
140 is 3 ) 2 


Frequency Distribution of Completed Radial Cracks on Edge Number kh 070 


Experiment Number F i H M T 
43 1 3 5 1 
4k 1 3 5 iz 
4S, 1 3 2 3 
48 1 3 6 3 
67 2 1 5 1 


"a vi an FY i 
! i] 
“ PAP ‘ oie? gy) 
‘a! as eG 
wlan cas ake ee ee 
H Fr Se, eet eT 


awe =A 


oe ee 


G30 § redmull s 


“> 
= 


*- 
> 

= an 
c 

: 


H 


4 


fen Aeaere fa 


an ~~ ewan fe Age rary eo fx 


pbi no 21969), (sibel 


Mae Ee 


ray  % 
cw” “feat a 


=m oe © = 


mem 
fe 


Anh f su, re 
} me te o te 


~-f 


mime mane ine 


ine 
4 2 nin pnesiiw | 7 


/ 


/ 


Eros nines 


yf ee hed ult 


wre 


- rs 
7 ee 
— 


irae a4 i 1. TU nan 


am 


i i 


ngratgmod 3 


ne AG ak “ bi | 


netted) 


a ri indie 


ies 
fue; : 


> 


=—Pmam. 
— 
1 


ne 
— 
5s 


“a iia sine he 


. 


— 


ar 
= 


+= _ Aaa 
eas 


AD 32 t 61 et, ; a Ine ino} i 0 c 
i Ava 
1 1 ea. 
t 17 
E t | 
t t | 
£ 4 
i s ; 
a 


Frequency Distribution of Completed Radial Cracks on Edge Number 4 070, 


fone. ¢- 


Experiment Number. E | H M T 
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Fracture by Flexure or Bending--Present Under Impact 072 
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Fracture by Flexure or Bending~-Radial Fracture Initiated from One Point 


of Bottom of Compressed Cone 074 


Experiment Number F | H M * 
4h 1 2 5 2 
45 1 3 2 3 
68 2 1 5 2 
92 2 3 5 2 
oe 3 3 5 1 


Fracture by Flexure or Bending--Radial Fracture Initiated from Bottom 
Edge of Half Cone 075 


Experiment Number 3 | H M iD 
47 1 3 6 2 
48 1 3 6 3 
91 2 3 5 1 


Primary Negative Flake Scar--Microflaking 076 
Experiment Number 5 l H M T 
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Primary Negative Flake Scar--Microflaking 076, contd’. 


Experiment Number F | H M if 
127 3 3 2 1 1 
128 3} 3 2 2 1 
129 5 3 2 3 1 
130 3 3 1 1 2 
131 3 3 2 2 2 
132 3 5} Z B 2 
135 3 3 3 3 
136 3 3 4 1 
138 5 3 4 3 


Primary Negative Flake Scar--Crushing 077 


Experiment Number F | H M if 
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Primary Negative Flake Scar--Crushing 077, cont'd. 


Experiment Number 


Primary Flake Platform Alterations--Pitting 078 


Experiment Number 


133 


Primary Flake Platform Alterations~-Scratching 079 


Experiment Number F | H M 3 
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Primary Flake Platform Alterations--Crushing 080 


Experiment Number 
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Primary Flake Platform Alterations--Crushing 080, cont'd. 


Experiment Number F | H M T 
130 3 3 2 1 2 
131 3 3 2 2 . 
132 3 3 2 3 2 
135 3 5 3 3 
136 3 3 4 1 
137 3 3 4 Z 
138 3 3 4 3 


Primary Flake Platform Alterations--Microcracks 081 


Pepe fal tia LION ee it ee 
35 1 3 2 2 2 
LO 1 3 4 1 
LY 1 3 4 2 
42 1 B 4 3 
48 1 3 6 3 
58 yi! 1 2 1 2 
65 2 te. 4 2 
ve. 2 3 2 1 1 
82 2 3 2 1 2 
84 2 2 2 3 2 
88 2 3 4 1 
89 2 3 4 2 
90 2 3 te 3 

112 3 1 4 1 
113 3 1 4 2 
127 3 3 2 1 1 
128 3 3 Z 2 1 
12 3 3 a 2 1 
130 3 3 2 1 2 
131 3 3 2 2 2 
ie .74 B 3 ya 3 Z 
133 2 3 3 1 
135 3 3 3 3 
136 3 3 4 1 
138 3 3 4 3 
Primary Flake Platform Alterantions--Mictoflaking 082 

Experiment Number F | H M c 
a2 1 3 2 Z 1 
30 1 3 2 2 Z 
LO 1 3 4 1 
4] 1 3 4 2 
42 1 3 “ 3 
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Primary Flake Platform Alterations--Microflaking 082, cont'd. 


Experiment Number F | H M T 
48 1 3 6 3 
58 2 1 2 1 2 
82 2 3 2 1 2 
84 2 3 2 3 2 
88 2 3 4 1 
89 2 3 4 2 
90 2 3 4 3 
182 3 1 4 1 
113 3 1 uN 2 
127 3 3 2 1 1 
128 3 3 2 2 1 
129 3 3 2 3 1 
131 3 3 2 Z 2 
132 3 3 2 3 Z 
135 3 3 3 3 
136 3 3 h 1 
138 3 3 4 3 
142 3 3 6 1 


Primary Half Cone 083 


Experiment Number F | H M T 
46 1 3 6 1 
47 1 3 6 2 
48 1 3 6 3 
70 Z 1 6 1 
71 2 1 6 2 
yy Z 1 6 3 
88 2 3 4 1 
94 2 3 6 1 
95 2 5 6 2 

115 3 1 5 1 
116 3 1 5 2 
143 3 3 6 2 


Primary Half Cone--Incomplete 084 


Experiment Number F | H M ay 
68 2 1 5 2 
88 2 b) 4 1 
oS 2 5: 6 Z 
116 8 1 5 2 
119 3 1 6 2 
136 3 3 4 1 
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Primary Face of Flake Long Axis--X 085 


Experiment Number 
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Secondary Flake Face of Long Axis 090 


Experiment Number F. | H M T 
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Secondary Flake Face of Long Axis 090, cont'd. 


Experiment Number Ie | H M ¥ 
42 1 3 4 3 
58 2 1 2 1 2 
59 Z 1 2 Z 2 
ihe) 2 3 Z 1 1 
80 2 3 2 2 1 
82 2 3 2 1 2 
83 2 3 2. 2 2 
104 3 1 2 z 1 
107 3 1 2 2 2 
112 3 1 uN 1 
127 3 3 Pa 1 1 
128 3 3 2 z 1 
129 3 3 2 3 1 
130 3 3 2 1, 2 
131 3 3 2 2 2 
132 3 3 Z 3 2 
136 5 3 h 1 

Secondary Flake Platform Alterations--Crushing 097 

Experiment Number F | H M is 
35 1 3 Ze Z 2 
2 1 oy 4 3 
58 2 1 2 1 2 
59 2 1 2 2 2 
79 2 3 Z 1 1 
80 2 3 z. 2 1 
82 Z 3 2 1 2 
112 3 1 4 1 
127 3 5 2 1 1 
128 3 3 2 2 1 
129 3 3 2 3 1 
130 3 3 2 1 72 
131 3 3 2 2. 2 
132 3 3 2 3 2 

Secondary Flake Platform Alterations--Microcracks 098 

Experiment Number 2 | H M i 
35 1 ) 2 2 2 
58 2 1 2 1 2 
82 2 3 2 1 2 
112 3} 1 4 1 
127 3 3 2 1 1 
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Secondary Flake Platform Alterations--Microcracks 098, cont'd. 


Experiment Number F pL: H M ai 
128 3 3 2 Z 1 
129 3 3 z 3 1 
130 3 3 2 1 2 
131 3 3 2 2 2 


Secondary Flake Platform Alterations-*Microflaking 099 


Experiment Number F | H M t 
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Secondary Flake Negative Scar Alterations--Microflaking 100 


Exper iment Number F | | H M | T 

B32 1 3 2 2 1 
35 1 3 zZ 2 2 
58 2 1 2 1 2 
59 2 1 Z z 2 
Wo 2 3 2 1 1 
80 2 3 2 Pe if 
82 2 3 2 1 2 
83 2 3 2 2 2 
104 3 1 Z 2 1 
105 3 1 Z. 3 1 
LZ. 3 3 Z 1 1 
128 3 5) 2 2 1 
129 3 3 2 3 1 
130 3 3 2 1 DD 
131 3 3 Z Pe 2 
136 5 3 4 1 


Secondary Flake Negative Scar Alterations--Crushing 101 


Experiment Number E | H M aT; 
35 1 3 2 2 2 
42 1 3 4 3 
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Secondary Flake Negative Scar Alterations--Crushing 101, Cont'd. 


Experiment Number 7 | H M T 
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Face of Negative Cone Segments X Face _ 102 


Experiment Number F | H M Ti 
LO 1 3 h 1 
86 2 3 3 2 
88 2 3 4 1 
89 2 3 hk 2 
133 5) 3 3 1 
134 3) 5 3 2 
136 3 3 4 Hl 
137 3 3 mM Z 


Face of Negative Cone Segments Both X Faces _ 103 


Experiment Number F | H M i 


1 2 1 1 


134 3 
3 3 4 2 
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